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T is a curious and somewhat sad reflec- 
tion on our boasted civilisation that 
in these days of luxury and art we 
take so.little care to preserve and 

purify that upon which, more than upon 
anything else, depends the healthiness of 
our lives. It is the towns, and especially 
the large manufacturing towns, which 
suffer most from the general want of care 
in trying to keep their atmosphere purer 
than it is. 

The satisfactory disposal of its sewage, 
an abundant supply of pure water, and 
a pure atmosphere, are the three primary 
factors necessary to maintain the health 
of any community. Of these pure air is 
not the least important. 

There are many possible impurities in 
the air of towns, but that which is pro- 
ductive of a vast amount of mischief, and 
which is at the same time preventible, is 
caused by the smoke from domestic fires 
and factories. In many ways the fumes 
from chemical works are the most harmful 
of the atmospheric impurities; but they 
are limited to comparatively small areas, 
they are under the close supervision of a 
strong Government Department, and can 
hardly be considered in the same category 
as ordinary smoke. 

The evils caused by smoke are greater 
in number and more far-reaching than 
many people imagine. The fuel chiefly 
used in this and other civilised countries 
is some kind of coal; and during the 
series of chemical processes constituting 
the combustion or this coal more or less 
smoke is produced and given off from the 
chimney. If this smoke is allowed to 
escape, it becomes gradually diffused 
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in the surrounding atmosphere, from 
which in time it falls and collects on all 
objects exposed to its effects. 

The actual amount of the smoke sent 
out into the atmosphere varies a good 
deal, according to the nature of the manu- 
factures and the number of factories in 
any particular neighbourhood. From very 
careful determinations made by Dr. 
Cohen, of Leeds, it has been found that 
there are in the immediate neighbourhood 
of Leeds about 1°2 millegrammes of soot 
in every 100 cubic feet of the air. 

Another similar determination was made 
by Professor Lewicki, who found, by col- 
lecting and measuring the actual quantity 
of solid matter .in a given sample of smoke, 
that in one cubic’ metre of the chimney 
gases there were 0°33 grammes, while the 
weight of solid soot given off in the com- 
bustion of 1 kilogramme of the coal was 
6°24 grammes. Putting these figures of 
Lewicki otherwise, the ratio of the volume 
of soot to the volume of the gases con- 
taining it comes out to be 0’00001 47. 

From these two measurements some 
idea may be obtained of the quantity of 
solid matter contained in the atmosphere 
and in the actual chimney gases. 

The smoke thus dissipated in the atmo- 
sphere must in course of time settle, find- 
ing a resting place on any objects with 
which it comes in contact. The sphere 
of its influence is very large, as the smoke 
is found to travel for many miles from its 
source, and to be carried to a.height of 
some hundreds of feet. 

The existence of the thick winter fogs 
in our large cities is greatly due to the 
presence of smoke in the atmosphere. It 
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FIG. 1.—PROCTOR’S COKING STOKER. 


is held that it is necessary for the formation 
of a fog that there must be numerous 
minute particles in the atmosphere, to 
form nuclei around which the moisture 
can collect and form fog globules. The 
presence of a quantity of smoke in the air 


is just what is wanted to make the 
formation of fogs more easy, and the 
sulphurous acids in the smoke help to 
render the fog more offensive and injurious 
to the health, especially of those persons 
whose lungs are not of the strongest. 

No further statement is needed to show 
that the presence of smoke in our atmos- 
phere is not only unpleasant to our senses, 
but is helping largely tolower thestandard of 
health among the population of our manu- 
facturing towns, and that the abatement of 
the smoke, if not its complete elimination, 
is a thing to be desired from all points of 
view. 

The responsibility for its existence can 


be placed on three separate classes of 
persons, each of which can do a great deal 
towards the lessening of the nuisance if 
it is so minded. 

These are, first, the engineers responsible 
for the making of the furnaces on which 
the fuel is burned; the manufacturers 
whose fires produce the smoke; and, 
lastly, the magistrates who have to try 
cases of smoke production under the law 
as it now exists. 

As regards the makers of furnaces, it is 
now generally admitted that these can 
be made so as to burn the fuel with little 
or no smoke, and, each year, we have 
stronger evidence of this. There is no 
hidden mystery about the production of 
smoke from a boiler furnace—and it is 
the boiler furnaces which are by far the 
largest producers of the black smoke 
which causes so much trouble and in- 
convenience. The combustion of the 
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coal readily divides itself into two stages. 
In the first, the gaseous constituents of the 
fuel, consisting of hydrocarbon compounds, 
are driven off from the fixed carbon, and 
burn with more or less flame, according to 
the nature of the particular kind of coal 
which is being used. The second stage 
is that of the burning of the fixed carbon 
or coke, the combustion. being unaccom- 
panied by any luminous flame, and not 
yielding any smoke. The production of 
smoke occurs during the first stage, and is 
caused either by the temperature in the 
later part of the furnace being too low for 
the complete combustion of the gases 
to be effected, followed by a depo- 
sition of unburnt carbon in the form 
of smoke ; or there may not be sufficient 
air present to complete the chemical com- 
binations which ought to occur; or both 
these causes may be at work at the same 
time. The hydrogen and carbon in the 
gases require a certain minimum amount 
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FIG 2.—PROCTOR’'S SPRINKLING OR 
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of oxygen, the combination, in the case of 
the former, yielding water in the form of 
steam, and, in the latter, complete com- 
bustion yields carbon dioxide (CO,), an 
invisible innocuous gas; and when there is 
an insufficient supply of oxygen the result 
is the production of carbon monoxide 
(CO), a very poisonous gas, which is, in 
most cases, only given off in extremely 
small quantities. 

That the production or non-production 
of smoke during the process of combustion 
is simply a question of air supply and 
temperature, is shown in the most simple 
manner by means of an ordinary paraffin 
lamp in the following way. First apply a 
light to the lamp with the chimney removed 
and the wick turned low, so as to only just 
appear above the wick tube ; the oil will 
now burn with a clear flame and without 
smoke. Next, gradually raise the wick, so 


that more oil is burnt and a Jarger flame 
produced. 


When a certain point is 


“SHOVEL” STOKER. 
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reached, it will be noticed that the bright- 
ness of the flame begins to disappear and 
smoke is given off. The reason of this is, 
that when the flame is small it can derive 
sufficient oxygen from the still air sur- 
rounding the flame and brought to it by 
the natural current of air produced by 
convection, to effect complete combustion 
of the carbon; and the raising of the 
wick increases the supply of oil, which 
cannot obtain enough oxygen from the 
surrounding air for its combustion, and a 
portion of it is unconsumed and given off 
as smoke. If, now, a glass chimney is 
fixed on the lamp, it will be seen that the 
smoke at once ceases, and the flame again 




















FEILDEN’S MAGAZINE. 


the oxygen is consumed, is a little under 
twelve pounds. But, as these perfect 
conditions cannot be attained in boiler 
furnaces, there must of necessity be con- 
siderable excess air, and eighteen to twenty 
pounds per pound of coal is much more 
usual, and sometimes greater quantities 
than this are required. 

Looked at from the point of view of the 
smoke produced, there must at all times 
be an ample supply of air admitted to the 
furnace ; but all excess air carries away 
heat which might otherwise reach the 
water in the boiler, and this carrying away 
of heat simply means that the boiler is not 
working as economically as it should. So 
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FIG. 3.—-ELEVATION AND SECTION OF PROCTOR'S “‘ SHOVEL” STOKER 


burns brightly, the reason of this being 
that the chimney concentrates and in- 
creases the speed of the upward air current, 
and oxygen is brought into immediate 
contact with the flame in sufficient quan- 
tity completely to burn the carbon. 
Precisely similar. phenomena occur in a 
boiler furnace. A sufficient supply of air 
must at all times be supplied to the burn- 
ing fuel, and at the same time a high 
temperature must be maintained in the 
furnace and adjacent flues. The quantity 
of air required for the complete combus- 
tion of a pound of average coal, under the 
most favourable circumstances where all 


that in this respect the non-production of 
smoke and the economical working of the 
boiler are not always coincident : a great 
excess of air means lower economy but no 
smoke, and wice versd. The object to be 
aimed at is to arrive at a point when there 
is no smoke produced and the loss of 
economy is as small as possible under the 
circumstances. On the other hand, an 
excessive production of smoke may be 
accompanied by a considerable loss of 
economy, owing to the carbon of the fuel 
being burnt to CO instead of to CO,. It 
was formerly supposed that the non-pro- 
duction of smoke must necessarily be 
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accompanied by the formation of CO in 
large quantities; but this is contrary to 
known chemical facts, and was conclusively 
disproved by Mr. Fletcher, H.M. Chief 
Inspector of Alkali Works, who made 
many analyses of the gases from a number 
of boilers, and at the same time took 
smoke observations of the chimneys. . 

In hand-fired boilers, not only must the 
proper total quantity of air be admitted, so 
as to attain the maximum of economy con- 
sistent with smokelessness, but this air must 
be admitted just when it is required. Coal 
is thrown on the incandescent fire, and 
a rapid emission of hydro-carbon gases 
immediately follows. It is just at this 
time, immediately after firing, that the 
maximum. air-supply is required, and this 
should continue until the hydrocarbons are 
nearly burnt, when it should be gradually 
diminished until the incandescent stage is 
reached. Thus the air supply must con- 
sist first of a constant quantity to burn the 
fixed carbon and an intermittent supply 
following each time of firing. 

This excess air is to be admitted above 
the fire, either through the fire-door or a 


special valve or door provided for the pur- 
pose, and in some cases it is necessary to 
admit a supplementary supply at the fire- 


bridge. ‘The admission and regulation of 
this supplementary air is, in the case of 
hand-fired boilers, dependent on the fire- 
man who has charge of the furnaces, and 
its proper regulation may suffer from two 
causes: either he may have so many furnaces 
to attend to that he is unable to give to each 
his full attention, or he may be disinclined 
to take the necessary trouble to burn his 
fuel without smoke. With hand-fired 
boilers, where the conditions are not ex- 
ceptional and where the boiler has not to 
be forced beyond its normal capacity, it is 
possible, by exercising a reasonable amount 
of care, to burn the fuel without any 
objectionable quantity of smoke. This 
has been shown conclusively on many 
cccasions. Influential Committees have 
from time to time carried out tests, and 
have promoted stoking competitions. The 
results have, in all cases been the same in 
effect, namely, what has been stated 
above. 

Besides the first English Commission of 
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1881, a second Committee for Testing 
Smoke-Preventing Appliances, after some 
years’ work, issued a report in 1895. 
Without going into the details of the work 
carried out by this committee, it may be 
stated that the concluding paragraph runs 
as follows :— 


** In the great majority of cases the black smoke 
thrown into the air during the combustion of coal 
is preventible, either by hand or mechanical firing, 
and without great cost tothe consumer. Often the 
prevention of smoke is accompanied with a saving 
of expense, in that an increase of heat is developed 
by more perfect combustion of the fuel, and where 
live fire-bars are adopted, that is, where the bars 
have an automatic reciprocating motion, an inferior 
and cheaper quality of coal can be used, and thus 
a further economy effected.” 


The final summing up of their opinions, 
as derived from the tests carried out, is as 
follows :— 


‘*A manufacturing district may be free from 
manufacturing smoke—at least from the steam 
boilers, with which alone the committee have 
concerned themselves; and as to the means by 
which it may be so freed the Report contains ample 
information.” 


In 1893 a committee in Sheffield—one 
of the worst smoke-producing towns in 
the country—summed up a report in the 
following words :— 


** Whilst it is certain that smoke may be almost 
entirely and contpletely prevented from steam- 
boiler chimneys, the conditions of working are so 
varied that no single arrangement can be expected 
to meet every individual case ; and further, what- 
ever device is applied toa boiler to prevent smoke, 
its success will in a great measure depend upon 
the intelligent handling and management which it 
receives on the part of those to whose care it is 
entrusted.” 


A similar report by the Glasgow sub- 
committee contains the following :— 

‘“*The committee are of opinion that, whilst 
future experiments and inventions may be the 
means of introducing new and better methods of 
treatment in the combustion of fuel, enough is 
known at present to enable steam users to work 
their boilers with a fair degree of economy, and 
practically without smoke.” 


At the conclusion of the Report on the 
Paris tests carried out from 1894 to 1897, 
the committee state it as their opinion 
that the idea that hand-firing can be made 
smokeless has been disproved by the 
tests, and that machine-firing is greatly 
superior. ‘They also state that the tests 
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go to prove that smokelessness is accom- 
panied by an increase in economy in 
most cases, and disproves the common 
idea that when a chimney is rendered 
smokeless the economy necessarily suffers. 

The former of these opinions does not 
fully coincide with that of the English 
Committee, but the conditions of hand- 
firing are not quite the same in France 
as here; and the opinion of the Com- 
mittee is given chiefly to emphasise the 
fact that, as regards smoke, machine-firing 
is on the whole greatly superior to hand- 
firing. The consensus of opinion, how- 
ever, goes to show that in hand-firing, 
under good conditions, the combustion 
can be made nearly smokeless. 

That machine-firing by means of well- 
designed mechanical stokers can be made 
almost perfectly smokeless there can be no 
doubt, but there are certain existing con- 
ditions in regard to their working that must 
obtain in order that machine-firing may 
be successful. The kind of mechanical 


stoker that has been found to be most 
smokeless in its working is the coking 
type, where the fuel is fed at the front 


and carried gradually towards the back of 
the furnace by a to-and-fro movement of 
the bars. Here the hydrocarbons are dis- 
tilled off at the furnace front and pass over 
the incandescent fuel further back as they 
are leaving the furnace; and the high 
temperature, combined with a proper ad- 
mission of a supplementary air - supply 
above the fire, renders the combustion 
smokeless, or nearly so. It is when work- 
ing in this uniform manner, which is suited 
to a precise adjustment of the air supply, 
that mechanical stokers show to the best 
advantage. Where, however, the demand 
for steam fluctuates, or where the boiler 
has at all times to work above its normal 
capacity, the ordinary type of coking stoker 
is not applicable. It will not readily re- 
spond to a fluctuating demand, and it 
cannot be easily forced. When these con- 
ditions have to be satisfied, a stoker of the 
sprinkler class, where the fuel is mechani- 
cally thrown in such a way.as to be uni- 
formly distributed over the whole fire, is 
the most suitable. In some cases the two 
types are combined in a single machine, 
but the effect of the sprinkling device is 
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to produce smoke, especially where the 
boiler is being forced beyond its normal 
power. But where a high evaporative 
power is required, with possibilities of 
responding to sudden demands for steam 
and for forcing the boiler when needful, 
those which combine the advantages of a 
coking stoker, a sprinkler, and a forced- 
draught furnace are the most suitable kind 
for the purpose. The fire-bars have a 
reciprocating movement, by which the 
fuel is gradually worked to the back of 
the furnace ; and, as these move separately 
and are provided with wavy upper surfaces, 
there is no possibility of any clinker adher- 
ing to the bars. A steam-induced forced 
draught is applied beneath the bars, which 
are only placed about one-sixteenth of an 
inch apart. There is also a smaller forced- 
draught arrangement taking in air just 
behind the fire-door, at the point where 
the fuel is just beginning to coke. This 
accelerates the coking and greatly increases 
the output of the furnace. The advan- 
tages of this arrangement are that the 
main features of the coking arrangement 
are preserved, the capacity of the furnace 
is greatly increased, and at the same time 
smokeless combustion is attained. Like 
all other mechanical stokers and forced- 
draught furnaces, cheaper coal can be 
used, and a saving effected in this way. 

It would obviously be impossible here 
to describe anything like all the mechani- 
cal stokers in use, but five typical and well 
known machines have been selected for 
illustration. Of these, two are of the 
coking kind, and two are of the sprinkling 
kind, and the fifth combines the advan- 
tages of a machine stoker with a forced- 
draught arrangement. 


Proctor’s Mechanical Stokers. 


Mr. Proctor, of Burnley, makes both a 
coking and a sprinkling stoker, besides 
one which is both coking and sprinkling. 

On Fig. 1 is shown a view of the front of a 
boiler furnace fitted with a Proctor coking 
stoker. In this the coal is first fed into 
the hoppers as shown ; from these it falls 
upon a plate or ram which is alternately 
moved inwards—towards the bridge—and 
outwards again. During the former of 
these a thick layer of coal is carried well 
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into the furnace, and, when the ram comes 
back again it leaves this layer behind it 
and allows it to fall upon the fire beneath. 
In most other coking stokers the coal is 
gradually pushed forward over the dead 
plate, while here it is deposited on the fire 
in successive layers. 

When the coal has reached the fire in 
this way it is gradually 
worked along towards 
the bridge by the move- 
ment of the fire-bars 
themselves. These are 
mechanically operated 
and so arranged that 
first each alternate bar 
is brought away from 
the bridge, next the 
remaining bars are 
brought forward, and 
lastly all go back 
together, carrying the 
fuel towards the bridge. 
By this movement, not 
only is the fuel slowly 
worked along from the 
boiler front, but the 
spaces between the 
bars are kept free from 
clinker. When it leaves 
the hopper and ram, 
the coal is cold; as it 
moves along it first 
becomes coked, then 
gradually incandescent, 
and finally falls over 
the ends of the bars 
in the form of ash, all 
the combustible matter 
having been burnt. 

On Fig. 2 Will be 
seen a view of the 
outside of the second 
of the mechanical 
stokers made by Mr. 
Proctor. This is the 
sprinkling type already 
mentioned, or, as the maker prefers to call 
it, the “shovel” stoker. Besides this view, 
a section and elevation of the front of a 
boiler fitted with this stoker is shown on 
Fig. 3. In this machine a shovel working 
radially takes the coal as it falls from the 
hopper, and throws it on to the fire. The 
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throw of the shovel is made variable, so 
that the coal is thrown to different dis- 
tances with successive throws, and thereby 
the fuel is distributed uniformly over the 
whole fire. Originally, the Proctor stoker 


was essentially and entirely a sprinkling 
stoker ; but in the latter designs moving 
bars have been added, which prevent the 


+——FRONT VIEW OF A BENNIS SPRINKLING STOKER FITTED TO 


LANCASHIRE BOILERS. 


accumulation of clinker, and help the 
backward movement otf the burnt and 
partly-burnt fuel. In order to prevent 
the front end of these bars from being 
burnt by the hot fire, the bearer upon 
which they rest is provided with a number 
of steam jets, which keep the ends of the 
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VIEW SHOWING OUTSIDE OF MELDRUM’S FORCED-DRAUGHT FURNACE (ON THE RIGHT) AND MELDRUM’S 
**KOKER” STOKER (ON THE LEFT) FITTED TO LANCASHIRE BOILER. 


bars below the necessary temperature. In 
these stokers ail that is necessary is to 
feed the coal, which has been previously 
screened to the requisite size, into the 
hopper, and the periodic release of the 
spring shovel, helped by the slowly re- 
ciprocating movement of the bars, keeps 
the fire automatically supplied with the 
right quantity of fuel, and at the same 
time it is kept clear of clinker. 


Bennis’ Mechanical Stoker. 


This stoker is another of the sprinkling 
kind and has been used with consider- 
able success. As in almost all other 
mechanical stokers, the coal must be 
smail and screened, and, at the same 
time, dry. It is generally shovelled into 
the hopper, though in some cases it is 
supplied by a mechanical conveyor. 
When the fuel falls to the bottom of 
the hopper it is pushed forward by means 
of a mechanical pusher or ram. As 
the coal is pushed forward in this way 


it falls over the edge of the plate, and, 
caught by the mechanical shovel as it 
falls, is thrown on to the top of the fire. 
The shovel is pulled back mechanically 
against the tension of a spring and then 
automatically released, and, springing for- 
ward, throws the coal to its( proper place 
on the fire. Each successive throw is of 
different strength, so that thé coal is at 
one moment sent near to the bridge, the 
next throw deposits it a little nearer the 
door, and so on, there being in all four 
lengths of throw. In this way the coal is 
distributed on the fire with tolerable uni- 
formity. Messrs. Bennis make the fire- 
bars hollow and allow jets of steam to 
blow into them ; by which means the bars 
are kept cool, and there is a current of 
supplementary air delivered at the back 
of the fire, where it is useful in helping to 
complete the combustion of the gases. 
The bars are also given a slight recipro- 
cating movement, being drawn back one 
by one and all sent forward together ; and 
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in this way the movement of the burning 
fuel is helped and the bars kept clean and 
free from clinker. 

A view of a number of Lancashire 
boilers fitted with the Bennis stokers is 
shown on Fig. 4. It will be noticed that 
in these stokers the hoppers are not placed 
centrally but a little to one side of the 
centre line of the furnace. 


Meldrum’s Mechanical Stokers. 


Messrs. Meldrum manufacture, in all, 
three kinds of boiler furnace, namely, their 
ordinary system of forced draught, the 
“‘Koker” stoker, and the more recently 
introduced sprinkling 
stoker. 

In Messrs. Meldrum’s 
well-known system of 
forced-draught _ firing, 
the ash-pit is closed, 
and two currents of air 
forced in under each 
set of furnace bars. 

The air is driven in by 
means of a jet of steam 
placed in the centre 


of the air-pipe, induc- 
ing a current of air to 
flow along with the jet 


of steam. An outside 
view of the front of a 
Lancashire boiler fitted 
with these furnaces is 
shown on Fig. 5, at the 
right-hand side of the 
photograph. The four 
—two to each furnace 
—air-pipes will be seen 
rising from the floor of 
the boiler-house, and 
entering the front of 
the ash-pit. The 
blowers themselves, 
containing the steam 
jets, are in this case 
placed low down, so 
that the air is sucked 
in along a special air 
trunk, and the noise 
caused by the steam 
jets thereby lessened. 
The air pressure be- 
neath the bars varies 
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from three-quarters of an inch to one inch 
and a-half of water. In the Meldrum 
furnace, the bars are only placed about 
one-sixteenth of an inch apart, so that very 
small fuel may be usefully employed. 

The advantages of this system of firing 
are that a very cheap kind of fuel can be 
used, and a saving thereby effected, and 
also that a much larger fuel consumption 
per square foot of grate can be obtained, 
and in this way the capacity of the boiler 
increased. 

The “Koker” stoker made by this 
firm differs from other coking stokers by 
reason of the use of forced draught, com- 


"1G. 6.—FRONT VIFW OF A “ KOKER” STOKER FITTED TO A LANCASHIRE 


BOILER. 
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is J. FRONT VIEW OF BABCOCK BOILER FITTED WITH THREE ““KOKER” STOKERS. 


bined with the mechanical feeding arrange- 
ment, and the moving bars. 

In this appliance the small coal is 
fed on to the dead plate by means of 
a mechanically operated pusher, and is 
gradually worked forward by reciprocating 
bars, as in other stokers of a similar kind. 
But the green coal, as it lies in a heap 
after it leaves the hopper, is supplied with 
a current of air induced by steam jets, 
which, playing downwards and forwards, 
increases the rate of the coking part of 
the operation. 

As the fuel is carried along the bars 
the combustion is further accelerated by 
air forced up through the bars, as in the 
ordinary hand-fired grate made by this 
firm. 

A view of a Lancashire boiler fitted with 
this stoker is seen on the left hand of 
Fig. 5, and also upon Fig. 6. 

On Fig. 7 is seen another water-tube 


boiler, fitted with three of these furnaces. 
It will be seen that the hoppers are sup- 
plied with the fuel from a mechanical 
conveyor, and also that there are in all 
nine blowers—three for each furnace. 
These latter are of the ordinary horizontal 
type, with external air inlets. 

A section of the Meldrum sprinkling 
stoker is shown on Fig. 8, along with a 
front view of the Lancashire boiler with 
which it is fitted. In this the fuel is 
thrown on to the fire by a rotating shovel, 
and the reciprocating movement is given 
to the bars as before. Besides this the 
fire is supplied by air-pressure beneath 
the bars and over the dead plate. 

The coking stoker just described ob- 
viously shows a distinct advance on similar 
stokers which do not make use of forced 
draught, on account of the greater capacity 
of the furnace and the cheaper fuel that 
can be used. The sprinkler has the further 
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advantage of being capable of dealing with 
poorer fuel less easy to ignite. 

On Figs. 9 and ro are shown views of 
chimneys attached to boilers fitted with 
mechanical stokers. 

Referring to the former of these, there 
are seven boilers to this chimney, six of 
them always at work. Five are fitted with 
“ Koker” stokers. Previously to these 
being fitted, this was a most notorious 
chimney for black smoke; and, being 
situated at the bottom of the main tho- 
roughfare of a well-known Lancashire 
manufacturing town, was a nuisance and 
an eyesore. It may be noted that both 
the photographs were taken when the 
works were in full operation, between the 
hours of 11 and 12 o'clock. Altogether 
the firm who own the works have sixteen 
of these coking stokers in use. 

In the second photograph, on Fig. 10, 
two chimneys are shown, these belonging 
to the same works as the last. The one 
which is free from smoke is fitted with 
“Koker” stokers, and is over two very 
hard-fired boilers, which, previously to the 
above stokers being fitted, could not be 


worked without a great deal of smoke, 
and were the cause of a nuisance to the 
neighbourhood. 

The second chimney, which is con- 
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stantly emitting black smoke, has all its 
boilers fitted with some form of mechani- 
cal stoker which have not proved at all 
satisfactory. 


The ordinary forced-draught furnace, in 
which a jet of steam carries an abundant 
supply of air beneath the fire-bars, is not 
necessarily smokeless in its working; but 
may be made so by adding a small steam- 
jet blast above the fire, or by deflecting 
some of the air beneath the bars and 
causing it to flow over the top of the fire 
or enter the flue at the bridge, or both. 

Steam jets carrying in air above the 
fire and directing a current towards the 
bridge are found very useful in prevent- 
ing the emission of smoke from ordinary 
hand-fired boilers. The great disadvan- 
tage of these is that it is very unecono- 
mical to have the jets blowing when the 
hydrocarbons have been driven off and 
only the normal supply of air is required. 
The proper use of these jets is made to 
depend on the inclination and care of the 
fireman in charge of the boiler; and it is 
very often found that they are totally 
neglected or else allowed to be continually 
running, at the same time wasting steam 
and carrying a large excess of air into 
the flues, which means a lowering of the 
































FIG. 8.—FRONT VIEW AND SECTION SHOWING LANCASHIRE BOILER FITTED WITH MELDRUM'S 


SVRINKLING STOKER, 





VIEW SHOWING SMOKELESS CHIMNEY FITTED WITH A GOOD TYPE OF 


MECHANICAL STOKER. 


efficiency of the boiler. In some cases 
devices have been made use of for the 
purpose of automatically regulating this 
supplementary air-supply; but, so far, no 
apparatus that the writer knows of has 
been found to work satisfactorily under 
all working conditions. 

From what has been said it will be 
admitted that general experience, sup- 
ported by tests specially made for the 
purpose, shows that even under the most 
ordinary conditions of working it is possible 
to burn coal ina commercial boiler-furnace 
without the production of an undueamount 
of smoke, and that by applying carefully 
selected mechanical stokers the smoke 
produced can’ be reduced to a negligible 
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quantity. From which 
we may take it that it 
is not the engineer who 
is to blame. He can 
make furnaces which 
will not give off an un- 
due amount of smoke, 
both for hand - firing 
and also in the case 
of mechanical stokers ; 
or, if an_ existing 
furnace is disposed to 
give trouble in this 
respect, owing to de- 
fects in the chimney 
draught, or because the 
boiler is expected to 
produce more steam 
than it was originally 
intended for, then the 
engineer can step in, 
and, without introduc- 
ing any such radical 
alteration as replacing 
the hand-fired furnace 
with a’ mechanical 
stoker, can, without 
much trouble, effect a 
complete remedy at a 
not very large cost to 
the owner of the boiler. 
The remedy in such a 
case as this will depend 
on the conditions ap- 
pertaining to the par- 
ticular furnace. If the 
draught is deficient, the 
application of one of the forced-draught 
arrangements which are on the market 
will effect an improvement. In many 
cases where the draught is fairly good, 
the application of a steam jet above the 
fire will secure the desired remedy. But 
the choice of the method to be applied 
must be left to the engineer who is called 
in to investigate the case. Whatever is 
done, the ultimate success of the plan 
adopted will depend on the care with 
which it is carried out. It is of little use in- 
troducing a carefully planned modification 
of the furnace, if the fireman will not take 
the trouble to obey his instructions, or the 
owner of the factory does not insist on 
these instructions being rigidly carried out. 
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The fireman is often a very difficult person 
to deal with, and will sometimes prefer to 
lose his job rather than depart from his 
accustomed habits ; the unfortunate thing 
is that, when this happens, the new man 
may be just as bad. 

When afurnace is giving trouble inregard 
to smoke, the first thing to be done is to 
have it very carefully fired by a man who 
thoroughly understands his business, care 
being taken with regard to the manner in 
which the coal is put upon the fire, and in 
the regulation of the air supply. Every 
chance should be given to the furnace to 
do its best under the existing circumstances ; 
and, if there is still 
smoke produced, some 
more drastic measures 
must be applied. The 
trial of hand-firing will 
probably have indi- 
cated in what directions 
improvements are re- 
quired; and will show 
the engineer in charge 
whether the draught is 
deficient, or whether 
more air is required 
above the fire, and so 
on. Very likely one or 
two small and not 
costly modifications 
will be found to effect 
the desired result, or it 
may be necessary to go 
further and introduce a 
forced-draught furnace 
or a mechanical stoker. 
But the chief point to 
bear in mind is that it 
is a great mistake to 
plunge, without tho- 
roughly _ considering 
the whole matter, into 
a large expense which 
may after all turn out 
to be so much money 
wasted. A millowner 
must remember that 
every maker of boiler 
furnaces, whether hand 
or machine fired, says 
that his is the best, and 
is smokeless. Often 
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FIG. 10.—VIEW SHOWING 
FACTORY TYPE OF MACHINE STOKER, AND THE ONE WITHOUT SMOKE 
WITH MACHINE STOKERS THAT HAVE PROVED SATISFACTORY IN THEIR 
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this latter is true, but more often it may 
not be true when applied to the particular 
case in question. 

The legal aspect of the smoke question 
is in a most unsatisfactory state. At the 
present time, Section 91 of the Public 
Health Act of 1875 provides for the 
prosecution and fining of persons who 
negligently cause black smoke to issue 
from the chimneys of their works or 
factories in such quantities as to be a 
nuisance to the neighbourhood in which 
it occurs. Information, as to such a 


nuisance, may be given by any person who 
considers himself or herself aggrieved by 


TWO CHIMNEYS, ONE BEING FITTED WITH AN UNSATIS- 
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the nuisance. This information is to be 
given to the local authority, who will take 
the necessary action. Or a private indi- 
vidual may take action without the help of 
the local authority. It is also possible for 
a local authority to take proceedings under 
this Act against an offending person whose 
factory chimney is outside its own district, 
provided the effects of the smoke cause a 
nuisance in its district. If the local 
authority is not thought to be doing its 
duty in the matter, the Local Government 
Board can step in and interfere. The 
penalties imposed are limited to #5 for a 
single offence. 

In addition to this Act, many of the 
local authorities have their own local Acts, 
which in some cases partly replace, and 
in all cases strengthen, the provisions of 
the general Act. For instance, some of 
these local Acts have the effect of increas- 
ing the penalties. In Manchester, for 


example, the maximum penalty is £10, 
instead of #5; the same is true of Salford; 
while the Leeds Improvement Act says 
that a fine not exceeding £20 may be 


imposed. These local Acts also have the 
effect of strengthening the hands of the 
authorities in other ways. In some dis- 
tricts proceedings are taken under the 
Public Health Act of 1875. In towns 
where a regular system of inspection is 
made use of this is carried out by special 
inspectors appointed by the local authority. 
In other districts no action is taken unless 
a definite complaint is made. Thus it will 
be seen that the powers employed and the 
systems of inspection differ greatly in differ- 
ent parts of the country, hardly any two 
towns being quite the same in this respect. 
Besides these differences, the actual defi- 
nition of what amount of smoke constitutes 
a nuisance is very variable. In one town 
a millowner may be allowed to produce 
black smoke for six minutes in every hour, 
while in others the time may be only half 
as much. And, moreover, the manner in 
which this quantity is estimated is not 
based on one general system, as it should 
be. In one case there will be three 
grades of smoke—“ black smoke,” “ ordi- 
nary smoke,” and “no smoke ;” while in 
others there will be five grades. The 
best system is one in which there are four 
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or five grades, each one having a fixed 
numerical value, so that all the smoke, of 
whatever density, can be reduced to its 
equivalent of black smoke. Thus in the 
English Committee (1895) there were four 
shades of smoke—‘“ dense,” ‘ medium,” 
“faint,” and “no smoke ;” and these had 
the respective values of 3, 2, 1, and o. 
The time during which each of these four 
was emitted was carefully noted, and an 
average obtained by making use of the 
above values, which gave the equivalent 
black smoke emitted in one hour. 

The mode of dealing with the smoke 
nuisance is defective in three distinct 
respects. To begin with, the law is defec- 
tive, inasmuch as it leaves too much to 
the discretion of the police courts before 
which the cases are tried, both as to extent 
of the nuisance committed and as to the 
ability or non-ability of the offending party 
to prevent this nuisance. Many mill- 
owners are ready with the excuses men- 
tioned above; and the magistrates forming 
the court, being often men of their own 
class and sympathies, are apt to take a too 
lenient view of the case. Then the penal- 
ties which may be imposed are not suffi- 
ciently great to impress on the owner of 
the offending furnace the necessity of 
mending his ways. If the cost of curing 
his smoky chimney is £100, and he is 
occasionally fined small sums of two or 
three pounds, he will not be inclined to 
take the necessary steps to effect a remedy ; 
but if the penalty were made small for the 
first offence and increased in a geometric 
ratio with each repetition, there would 
be a much stronger inducement for the 
offender to do his best. 

Then the amount of smoke which is to 
be allowed in the hour should be clearly 
defined and made uniform for the whole 
country, and one method of estimating 
this should be adopted. 

The most pressing need of all is, in the 
opinion of the writer, for the establishment 
of a small branch of the Home Depart- 
ment, which would have the complete 
control of all the smoke-producing chim- 
neys in the country. This sub-department 
might be similar in its constitution and 
manner of working to the Department 
of Factory Inspection, or that of the 
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Inspection of Alkali Works. It could 
appoint a number of thoroughly trained 
engineers as inspectors, each having con- 
trol of a district, with a number of sub- 
inspectors to carry out the actual observa- 
tion of the chimneys. These would 
report to the District Inspector, who 
would then be in a position to prosecute, 
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if need be, and at the same time to advise 
the millowner as to modifications in the 
arrangement of his furnaces, in this way 
rendering valuable service to both the 
millowner himself and to the community 
at large. Until some such general system 
as this is adopted the smoke nuisance will 
never be adequately dealt with. 
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Standardisation of Electrical Machinery. 
By OUR ELECTRICAL EXPERT. 


oS BO & 


LECTRICAL machinery and appliances 
now form so large a portion of the 
world’s industries that the stan- 
dardisation of their manufacture is 

a matter of the widest international im- 
portance. It is, therefore, not surprising 
that the engineering corporations of the 
countries most largely interested should, 
for some time past, have been giving atten- 
tion to this question. 

A committee of the Institution of 
Electrical Engineers has for more than 
two years been engaged in drawing up 
a report, but it has not yet seen the 
light. Valuable reports, however, which 
are well worth the attention of all manu- 
facturers of electrical machinery, and 


of all consulting engineers concerned with 
its specification, have been issued by 


the American Institution of Electrical 
Engineers, the American Society of Me- 
chanical Engineers, and the German 
Association of Electrical Engineers. 

It would be an insult to the intelligence 
of the readers of this Magazine to indite 
a formal argument in favour of standardisa- 
tion. Standardisation is nothing more or 
less than organisation of manufacture, and 
the question of the course to be followed 
in order to obtain the best results is 
hardly more open to argument than the 
desirability of the final result. 

In the earliest stages of any industry 
the work must be tentative or experi- 
mental. When a product is developed 
which is worth placing upon the market, 
some form of organisation or standardisa- 
tion of its manufacture becomes imperative 
in the joint interests of the maker and 
the buyer. 

In a well-managed factory, standardisa- 
tion will progress on very much the same 
lines as natural selection in the organic 
world, the final result, the survival of the 
fittest, in view of the environment, being 
the same in each case. As the number 
of manufacturers engaged in the industry 


increases, the competition between them 
will take the place of the struggle for 
existence in the organic world. In the 
former case, however, the process of 
development will be accelerated, and the 
elimination of the unsuitable will be 
effected with the minimum amount of 
loss, in proportion to the collective 
amount of intelligently directed experi- 
ence brought into play. 

It is clear that this calls for intelligent 
co-operation amongst those who direct 
and influence the industry. In the engi- 
neering industries these will be manu- 
facturers and consulting engineers. 

Electrical standardisation is following 
very closely upon these lines. The great 
engineering societies are effecting the co- 
operation of their members, embracing 
both manufacturers and consultants, in 
order to combine the results of their expe- 
rience. The next and final step will be 
to make the co-operation international by 
bringing into one combination the results 
arrived at by the experience of the several 
nations engaged in advancing the electrical 
engineering industry. 

Owing to the rapid intercommunication 
of knowledge of this subject, mainly 
through the agency of the technical press 
and the publications of the engineering 
societies, this has already been effected to 
a very considerable extent ; but complete 
and formal international co-operation is 
most desirable, and it is with the greatest 
pleasure we note the emphatic manner in 
which this is insisted upon in the recent 
inaugural address of Mr. C. F. Scott, the 
newly-elected President of the American 
Institute of Electrical Engineers. 

The committee of the American Society 
of Mechanical Engineers confines itself in 
its report to the standardisation of engine 
and dynamo manufacture, and deals with 
the following points :—The standard sizes 
of units recommended from 25 up to 
200-kilowatt capacity; the corresponding 
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revolutions per minute, with a permissible 
variation of 5 per cent.; the sizes of 
shafts for the two classes of centre-crank 
and side-crank engines, the diameters 
being determined by the permissible de- 
flection; the length along the shaft 
required for the generator, two classes, 
long and short, being provided for, to 
allow for the marked differences in prac- 
tice existing among the leading American 
engine-builders ; the height of the axis of 
the shaft over the top of the sub-base—to 
reduce to a minimum the stock of sub- 
base patterns, a standard pattern, with a 
standard adjustable end for each unit, 
is suggested, the two classes of verti- 
cally and horizontally split generators 
being provided for by rectangular seat- 
ings and stools respectively, which can 
be attached before sending the pattern 
to the foundry. Armature fit is next 
considered, the armature bore being of 
the exact size given in the table accom- 
panying the report, and the allowance 
for fit of 555 in. for shafts of 4 ins. 
to 6 ins. and ;%5 in. for those of 


64 ins. to 11 ins., being provided by in- 


creased diameter of the engine shaft. To 
fix responsibility for fit, it is suggested that 
the dynamo builder should furnish a gauge 
the exact diameter of the bore, and that 
the engine builder should make the neces- 
sary allowance for the press fit. For 
standard practice it is proposed that the 
overload rating should not exceec 25 per 
cent. of the rated capacity, and some 
engine builders ask that the users should 
be specially cautioned to give special 
attention to the unit when so operated. 
Various additional suggestions are made, 
but are of quite secondary importance in 
comparison with those referred to above. 

The Report of the Committee on 
Standardisation of the American Institute 
of Electrical Engineers, which was adopted 
at the annual convention held at Great 
Barrington in June last, is a revision, 
“in view of such suggestions and exten- 
sions as experience and practice have since 
indicated to be desirable,” of their report 
of 1897. 

It opens with a number of preliminary 
definitions, and then proceeds to the con- 
sideration, in detail, of the methods to 
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be adopted in specifying and measuring 
the efficiency of electrical apparatus and 
equipment, classified under the following 
sections : Commutating Machines, Syn- 
chronous Machines, Synchronous Com- 
mutating Machines, Rectifying Machines, 
Stationary Induction Apparatus, Rotary 
Induction Apparatus, Transmission Lines. 

The permissible limits of temperature 
rise are next considered, referred to the 
standard conditions of a room-temperature 
of 25 degs. C., a barometric pressure of 
760 mm., and normal conditions of ventila- 
tion—that is, the apparatus under test 
should neither be exposed to draught nor 
enclosed, except where expressly specified. 
The minimum temperature limits fixed 
are as follows: For the fields and arma- 
tures of commutating, rectifying, and syn- 
chronous machines, 50 degs.C., to be 
measured by resistance ; for commutator 
and collector rings and brushes, 55 degs. 
C., by thermometer ; for the electric cir- 
cuits of rotary induction machines, 50 
degs. C., by resistance ; for squirrel-cage 
or short-circuited armatures, 55 degs. C., 
by thermometer ; for the electric circuits 
of continuous-service transformers and for 
reactors, induction and magneto-regula- 
tors, 50 degs. C., by resistance ; for bear- 
ings, and for all parts not specified, 40 
degs. C., by thermometer. In any case, 
when the thermometric determination 
gives a higher value than the resistance 
measurement, the former is to be taken. 
In testing railway motors a rise of 75 degs. 
C. is allowed after one hour’s continuous 
run at 500 volts, on a stand, with the motor 
covers removed. 

Higher temperatures than those speci- 
fied are allowed in cases where the 
insulation is of a specially heat-resisting 
character. It is recommended that high 
dielectric strength should be specified in 
preference to high insulation, bearing in 
mind the fact that the latter can be largely 
increased by baking, to the detriment of 
the former. The conditions of testing for 
dielectric strength for machine insulation, 
including the testing voltages for the 
various values of the rated terminal volt- 
ages, are very fully specified. The lowest 
testing voltage is 1,000 volts, for rated 
terminal voltages not. exceeding 400 volts. 
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From 2,500 to 10,000 rated voltage the 
testing voltage is double. From this to 
20,000 volts rated, an excess of 10,000 volts 
is to be employed; and after 20,000, the 
testing voltage is to be 50 per cent. in 
excess of the normal. Regulation and its 
determination, and methods of rating 
receive detailed consideration. 

The standard voltages recommended are: 
For direct-current low-pressure generators, 
125, 250 and 550 to 600 volts; for low- 
pressure circuits, direct or alternating, 110 
and 220 volts; for alternating - current 
primary distributing circuits, an average 
emf. of 2,200 volts; for high-pressure 
Circuits, 6,000, 10,000, 15,000, 20,000, 
30,000, and 60,000 volts. . The standard 
frequences suggested are 25, 60, and 120 
to 140. 

The overload capacities recommended 
are: for generators, 25 per cent. for two 
hours; for motors, other than railway 
motors, and motors for intermittent ser- 
vice, 25 per cent. for two hours, and 50 
per cent. for one minute ; for synchronous 
converters, 50 per cent. for half an hour ; 
for transformers, 25 per cent. for two 
hours. 

Recommendations are also made with 
regard to photometric measurements. 

The Report of the Standardisation Com- 
mittee of the German Association of 
Electrical Engineers, which was adopted 
in June, 1901, is drawn up on somewhat 
the same general lines as the one last 
considered, but is very much less detailed. 

Starting with a room-temperature of 
35 degs. C., a rise of temperature of 70 
degs.C. with cotton insulation, 80 degs. C. 
with paper, and 100 degs. C. with mica or 
asbestos, is allowed for tramway motors 
after an hour’s run in the testing-room ; 
and for all other classes of apparatus a rise 
of from 50 degs. to 80 degs. C.; and these 
limits may be exceeded, to an extent not 
specified, in the case of permanently short- 
circuited windings. 

The overload capacities recommended 
are: For generators, motors, and con- 
verters, 25 per cent. for half an hour ; 
and for motors, converters, and _trans- 
formers, 40 per cent. for three minutes. 

The voltages to be employed in testing 
the dielectric strength of the insulation 
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are considerably lower, the requirements 
in this respect being as follows: ‘‘ Machines 
and transformers up to 5,000 volts shall be 
tested for dielectric strength with double 
their working pressure, but not with a 
smaller pressure than 100 volts. If the 
working pressure lies between 5,000 and 
10,000 volts, the test pressure must exceed 
it by 5,000 volts. Ifthe working pressure 
is above 10,000 volts, the test pressure 
should exceed it by 50 per cent.” 

A brief comparison of the standards 
adopted for temperature rise, overload 
capacity, and the testing of dielectric 
strength, in America and Germany re- 
spectively, with each other and with British 
practice, will serve well to illustrate the 
importance of arriving at a uniform inter- 
national system of standardisation. 

When allowance is made for the German 
room-temperature being taken as 35 degs. 
C., and the American as 25 degs. C., the 
rise specified for the lowest class of insula- 
tion is about 5 per cent. less under German 
rules than under American. The rise of 
10 degs. C. when paper insulation is em- 
ployed in place of cotton is an interesting 
point. The best Manilla paper has con- 
siderably higher heat resistance than 
cotton, but this is by no means the 
case with inferior qualities of paper. For 
example, if jute paper were employed, it 
would deteriorate at a decidedly lower 
temperature than cotton. 

It should also be noted that such high 
limits as these do not by any means re- 
present the best British or American 
practice, which would certainly not exceed 
an allowance of 40 degs. C., taking 25 
degs. C. as the room-temperature. A 
rise of as much as 50 degs. C. is some- 
times allowed in British specifications 
when the service is more or less inter- 
mittent ‘and there is no liability to more 
than occasional momentary overloading. 
With regard to overload capacity, the 
American allowances are small in com- 
parison with what is expected here, which 
is more like a 50 per cent. overload for a 
considerable time and a momentary over- 
load of too per cent. In the case of 
central station generators, many of our en- 
gineers demand a 1oo per cent. overload 
capacity for very considerable periods. The 
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demand made by some of the American 
engine builders that the units should 
receive special attention when running at 
25 per cent. overload is extremely signifi- 
cant, as indicating the very narrow margin 
allowed in the rating of many American 
machines. 

In Germany, the margin in this respect 
is still lower, as the 25 per cent. overload 
is specified not to exceed half an hour. In 
testing dielectric strength, the American 
values of the testing voltages may be con- 
sidered good practice. Here a minimum 
of 2,000 volts is considered advisable in 
place of 1,000; it cannot, however, be 
considered necessary for testing the quality 
of low-voltage insulation ; the effect of the 
higher voltage would in practice merely 
make a little more certain the detection 
of mechanical damage to the insulation 
occurring in the winding, and it is a ques- 
tion quite open to argument whether the 
small additional security thus obtained is 
sufficient to compensate for the additional 
expenditure. With regard to the high 
voltages, we have at present no experience 


in this country. 

It will be noted that the excess voltages 
prescribed by the German regulations are 
very much lower all through, and would 
certainly give considerably less security 
against inferior insulation than the Ameri- 
can, even in the case of the higher 


voltages. The German rule allowing low- 
voltage insulation to be tested at pres- 
sures beginning with 100 volts, would not 
here be considered a test of dielectric 
strength at all, but merely a means of 
detecting exceptionally bad places in the 
winding. 

The general effect of these points would 
be that, in comparison with a British 
machine by a maker of repute, an Ameri- 
can machine of the same rated power, 
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running at the same speed, and taking full 
advantage of the American rules, would 
have a much smaller output, and would be 
the equivalent of a smaller size under the 
British rating. The difference in the case 
of a German machine would be still 
greater, with a greatly increased liability 
to inferior insulation. 

The rating differences are not of very 
great importance to purchasers who are 
themselves competent engineers, or who 
have competent advice; but they give 
undue advantages to the American manu- 
facturer, and still more to the German, in 
the very numerous cases where the pur- 
chaser merely compares the list prices of 
machines running at the same speed, and 
would probably look upon a guarantee of 
compliance with the rules either of the 
American or the German Society as pro- 
mising a better machine than one of 
similar rating offered to him by the British 
maker. 

In conclusion, we may refer to the good 
work which is being done in promoting 
standardisation, both by the Cable Makers’ 
Association and the Electric Plant Manu- 
facturers’ Association. Various firms are 
also individually doing good work in the 
same direction, a noteworthy example of 
which is given in the catalogue of dynamo 
and transformer stampings recently issued 
by Messrs. Sankey & Sons, of Bilston, in 
which they give drawings to scale, a few 
being half-size, but mostly full-size, of all 
the more important stamping tools in their 
possession. This makes it easy for the 
designer in most cases to get out stamp- 
ings which can be made without the need 
of special tools, and therefore in many 
cases will effect a saving. It must have 
been a costly undertaking, but the expen- 
diture will probably prove an extremely 
remunerative investment to the firm. 





492 


The Aberdeen Cable Subway 
and Outfall Sewer. 


By G. R. G. CONWAY. 
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HE Town Council of the City of 
Aberdeen, during the Parliamentary 
Session of 1898-9, obtained powers 
for reconstructing the entire drain- 

age system of the city. The new works, 
known as the Girdleness Outiall Scheme, 
were designed by Mr. Wm. Dyack, 
M. Inst.C. E., the burgh surveyor, and 
were favourably reported upon in 1898 by 
Mr. James Mansergh, F.R.S., past Presi- 
dent of the Institution of Civil Engineers. 
The scheme involves the construction of 
large intercepting sewers and storm-water 
culverts, and it is expected that nearly 
£,200,000 will be spent in their execution. 

One of the most important sections of 
this scheme is the construction of a main 
outfall sewer, a little over three miles in 
length, at a cost of £75,000. This sewer 
intercepts the whole of the drainage of the 
western district of the city. Commencing 
at Skene Street, the sewer passes by way 
of Golden Square, South Silver Street, 
Crown Street, Portland Street, and the 
North Esplanade, to the south side of 
Aberdeen Harbour at Point Law. From 
this point the outfall will be tunnelled 


under the bed of the River Dee —the 
tunnel forming an inverted siphon—to 
the village of Torry, on the Kincardine- 
shire side of the river; the outfall then 
passes under the high ground of Kirkhill, 
in a tunnel at one point go ft. below the 
surface, to the north foreshore of Nigg 
Bay, finally discharging its contents 22 tt. 
below high-water mark of ordinary spring 
tides at Girdleness, a rocky point south- 
east of the city. The outfall varies in 
size from 3 ft. to 7} ft. internal diameter. 

This work is now in progress. The 
first part of the scheme, known as section 
No. 1, has been completed—viz., the out- 
fall sewer from Skene Street to Point Law. 
The second section, extending from Point 
Law to Girdleness, is now in hand; but 
it is expected that fully two years will 
elapse before the work is completed. 

It is not the writer’s intention to de- 
scribe these works, except in so far as 
they relate to an interesting development 
undertaken during the construction of 
Section No. 1 of the outfall sewer. 

The works were begun in July, 1900, 
at Point Law, and were proceeding rapidly 
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FIG. I.—PLAN SHOWING ROUTE OF SEWER. 
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along Portland Street, when an arrange- 

ment was entered into between the Sewer- 

age and the Gas and Electric Lighting 

Committees of the Town Council for 

modifying the outfall sewer in Crown 

Street, to admit of the construction of a 

cable subway on the top of the sewer, 

from Portland Street to Union Street—a 
distance of 600 lineal yards. 

The electrical department had then 
recently begun the construction of their 
new electricity works at Dee Village 
(Fig. 1), and the city electrical engineer 
—Mr.-J. A. Bell—reported in September, 
1900, in favour of some method of making 
provision at an early date for feeder and 
pilot cables, which it was necessary to lay 
from the new works to the different feed- 
ing points. He pointed out that probably 
go per cent. of all future cables, either 
for. tramways or lighting purposes, would 
pass from the new generating station in 
a northerly direction to Union Street ; 
and that in a few years 40 or 50 cables 
would have to be laid in Crown Street 
as the nearest and best route for reaching 
the centre of the city. 

These cables could be laid in three 
ways :— — 

(1.) By lifting and relaying the road 
as may be required and 
laying the cables on 
the “solid” system. 

(2.) By lifting the road- 
way and laying ducts 
capable of receiving 
the cables and then 
drawing them in as 
may be required. 

(3.) By constructing a 
subway. 

The first two methods have 
many objections that may be 
urged against them ; the con- 
tinual opening up of the street 
when future extensions are 
necessary is a source of great 
annoyance to the public, par- 
ticularly in a narrow thorough- 
fare like Crown Street, where 
a double line of tramway. is 
about to be constructed. 

The first method has little to 
recommend it, and the choice, 
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therefore, lay between methods 2 and 3. 
After consultation with the burgh surveyor 
it was found that if advantage was taken of 
the opening up of the street when the sewer 
was being constructed, the difference in 
cost between the two methods was practi- 
cally nothing, and there was no question 
as to the great advantage the subway pre- 
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Town Council in November, 1900, and 
the burgh surveyor was authorised to 
prepare plans, and arrange a supplemen- 
tary contract with the contractor for the 
outfall sewer works. The supplementary 
contract amounted to £8,500, this sum 
including the construction of the subway 
from Dee Village Road to Portland Street, 
apart from the sewer—a dis- 
tance of roo lineal yards— 
and from Portland Street to 
Union Street, on the top of 
the new sewer, the design of 
which had to be considerably 
modified and strengthened to 
receive the subway. 

The subway is designed to 
carry all feeder cables with 
their pilot leads for supplying 
energy to the tramways, and 
for the distributing mains in 
the north, west, and central 
districts of the city. Provision 
is made for sixty feeder cables 
capable of supplying energy 
equal to from 10,000 to 
15,000 h.p. 

As the construction of the 




















sented for examination and repairs to 
cables, etc. It was also certain that a 
considerable saving in the cost of cables 
could be made, as a lower grade insulating 
material might be used in a dry subway. 
The electrical engineer’s proposal to 
construct a subway was agreed to by the 


main sewer was proceeding up 
Portland Street, a start was 
made in December, 1900, a 
few yards within the land 
belonging to the new electri- 
city works at Dee Village. 
The general type of subway 
adopted is shown in Fig. 2; it 
is of 5 to 1 concrete, lined 
with red brickwork, with an 
arched roof. The height is 
8 ft., the width at the bottom 
34 ft., the walls having a 
batter of 1 in 12, thus giving 
a width of 4 ft. 8 ins. at the 
springing of the arch. Between 
the inner lining of red _brick- 
work and the concrete walls is 
placed a layer of Callender’s 
bituminous damp-proof sheeting with the 
object of keeping the subway absolutely 
dry. As an additional precaution, through- 


out those parts of the subway where wet, 


clayey and sandy soil was passed through, 
a double thickness was placed over the 
floor and carried up 12 ins. on either 
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repaired and plastered inside, and is 
now used to convey storm waters 
during heavy rains from the new sewer 
at the top of Portland Street to the 
Ferryhill Burn. Into the brick walls 
of the subway cast-iron cable racks 
were built 6 ft. apart, each rack con- 
taining 14 holes tapped with a thread 
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side. The floor is made of 6 to 1 cement 
concrete, 3 ins. thick, finished off with 
a layer of fine stuff 1 in. in thickness 
brought to a smooth surface. 

From Dee Village Road to Portland 
Street the subway was constructed as 
shown in Fig. 2, a g-in. fireclay pipe 
encased in concrete being laid at the 
east side to take the local house drainage, 
and at the west side an existing stone 
culvert, 34 ft. high by 2 ft. wide, was 


. 





to receive 3-in. wrought iron pins, to 
carry the porcelain insulators support- 
ing the cables. These pins are 8 ins. 
long, and are each intended to receive 
two rows of cables. 
At Dee Village Road, owing to the 
limited depth between the existing 
24-in. pipe sewer and the roadway, it 
was found necessary to arrange the 
sewer as shown in Fig. 3, the original 
fireclay pipes being replaced by others 
of cast-iron, encased in cement concrete. 
Steps were formed over the sewer in the 
subway, and at each side was placed 
a 3-in. sluice-valve with an outlet into 
the Ferryhill Burn,.to be used in the 
event of any water gaining entrance to 
the subway. 

At the top of Portland Street the new 
outfall sewer is joined, and at this point 
the subway was constructed on the top of 
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a storm overflow weir, which is designed 
to discharge the excess waters during 
heavy floods direct to the Ferryhill Burn. 
The available space above the sewer was 
so limited that a modification in the type 
of subway was adopted. Figs. 4 and 5 
show the method adopted in taking the 
floor of the subway by means of steps to 
the level of the top of the sewer. 

The outfall sewer ascends Crown Street 
from here with a gradient of 1 in 23 ; it is 
3 ft. g ins. high by 2 ft. 6 ins. wide, 
standard egg-shaped (see Fig. 6), and 
capable of discharging 63,000,000 gals. a 
day, with a velocity of 16 ft. per second. 
With such a high velocity, Staffordshire 
blue bricks were found advisable for the 
lower part, with a blue-brick invert-block. 
The character of the ground 
passed through changed from 
clay to sand, with a large 
quantity of water, and when 
excavated resembled “ slurry.” 
A 6-in. fireclay pipe was placed 
under the sewer; and, with 


until the depth below the street is 
sufficient to permit of the ordinary 
arched type being again adopted. The 
flat roof is formed with 6-in. by 5-in. 
rolled steel joists, weighing 25 lbs. per 
lineal foot, spaced 33 ft. apart, and filled 
in with 4 to 1 Portland cement concrete, 
reinforced with a tension bond of No. 8 
gauge expanded steel. The bituminous 
sheeting was carried over the top of these 
steel beams, and afterwards additional 
concrete placed on top, sloped as shown 
(Fig. 6) for drainage, the total thickness 
of the two layers being 12 ins. Where 
the steel joists bear upon the walls, a 
double thickness of sheeting was used. 
As this section was proceeded with 
considerable difficulties were encountered, 





the aid of a chain drawn 





through from a_ temporary 


sump at the low end, the 
pipe was kept from silting up, 
and dealt with the water satis- 
factorily. The sewer was con- 
structed between 3-in. sheet 


timbering, owing to the 
treacherous character of the 
ground; and the foundation 
of the subway was formed by 
levelling up to the top of the 
sewer with 6 to 1 concrete. 
The limited space above the 
sewer, under the surface of 
the roadway, extended up the 
street for a distance of go yds., 
and at the lower end it was 
only found possible to make 
the subway 5 ft. high, with a 
flat ‘roof (see Fig. 6); the 
width was therefore increased 
to 5 ft. at the floor level, so 
that three rows of cables 
could be placed upon each 
rack-pin instead of two, as 
in the lower section; the 
height is gradually increased 
and the width decreased, 
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VIEW SHOWING LAGGINGS AND CONCRETE SIDE WALLS OF SUBWAY. 





VIEW SHOWING CONSTRUCTION OF SUBWAY—DEE VILLAGE TO PORTLAND STREET. 
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owing to the presence in the centre of the 
street of an existing stone sewer, one of 
the original city sewers, constructed about 
one hundred years ago of rubble walls, 
with athin stone flag bottom. ‘This sewer 
was not laid in straight lines, but deviated 
considerably, and the subway trench, 
which was 8} ft. wide between the timber- 
ing, often encroached upon the sewer (see 
photograph). This necessitated under- 
pinning the sewer arch in short sections 


a fine running sand overlying red clay ; 
great care had therefore to be exercised 
in close timbering the trench, owing to 
houses and shops closely abutting the east 
side of the street. The outfall sewer from 
this point to Academy Street was 4 ft. 3 in. 
high by 2 ft. 10 in. wide, of the standard 
egg-shaped section. The type of cross- 


section adopted for the subway throughout 
the remainder of its length, above the 
special length with the flat roof, is as 


- 


OUTFALL SEWER UNDER SUBWAY-—SHOWING OLD SFWER TO THE RIGHT. 


with g-in. brickwork, as it was impossible 
at that time to connect the sewage to 
the new outfall sewer. The underpinning 
was satisfactorily accomplished, but was a 
slow and tedious operation, making the 
construction of the combined subway and 
sewer a very slow one. As the work 
approached Affleck Street the character 
of the ground again changed. The trench 
was about 20 ft. deep, the upper ro ft. being 


shown in Fig. 7; the greatest depth of 
trench being reached between Academy 
Street and Crown Place, where it was 
31 ft., the strata being entirely fine sand 
of excellent quality, which was largely 
used for making concrete. 

Between Affleck Street and Academy 
Street considerable quantities of water had 
to be dealt with, and the existing sewer 
caused considerable trouble owing to 
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leakage. When running full during heavy 
rainfall on several occasions, the sewer 
burst through and flooded the trench. 
When Academy Street was reached the 
difficulties of construction were increased ; 
from that street one of the main inter- 
cepting sewers of the city passes to Union 
Street (Fig. 1), in the new scheme this 
sewer was to be connected to the out- 
fall sewer under the subway, the connec- 
tion had been prepared by driving a short 
tunnel leading between the two sewers, 
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the old rubble sewer to burst at several 
places, the whole volume pouring down 
the subway trench—at that point 29 ft. 
deep, the excavation having been entirely 
in sand—and undermining the whole 
width of the street for a distance of about 
190 ft. Fortunately the timbering on the 


west side fell inwards, and the ground 
at the top, with causeway stones, etc., in 
sinking, tended to form a wedge, leaving 
the sheet timbering on the east side per- 
fectly firm. This was especially fortunate, 


SPECIAL CONSTRUCTION FOR SUBWAY ROOF: VIEW SHOWING EXPANDED STEEL IN POSITION BETWEEN 
STEEL JOISTS, BEFORE CONCRETE WAS FILLED IN. 


and immediately under the old rubble 
sewer in Crown Street, the latter sewer 
forming a storm overflow from the existing 
Academy Street intercepting sewer. On 
August roth a heavy thunderstorm came 
on about mid-day; 14 ins. of rainfall was 
recorded in the neighbourhood in eight 
hours, but the greater part of this amount 
fell in two hours, and for a space of 30 
minutes with very great intensity, causing 


as, owing to the dangerous running cha- 
racter of the sand, a subsidence might 
have taken place in the neighbouring 
houses. To remedy this mishap, after 
the storm had abated, a trench was 
opened up on the west side and a new 
framing of timber put in, the runners 
in the subway trench were made good 
again, the whole being strutted across a 
widened trench of 18 ft., from 10 ins. by 
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6 ins. walings 30 ft. long, with 10 ins. 
by 8 ins. pitch-pine struts well braced 
together. Upon examination the short 
sewer tunnel for the connection was 
found filled up with sand, but the 
timbering was quite secure. 

_ After passing Academy Street the diffi- 
culty of inflowing sewage did not present 
itself, and, though requiring care, the 
excavation of trench was unattended with 
any risk. The operations in no case 
caused settlement in any adjoining pro- 


to take it to Union Street, but it was after- 
wards decided to make the termination at 
its present position, after representations 
had been made to the Town Council by 
the proprietors of adjoining high buildings, 
as to the supposed risk to their property. 
Beyond the distributing chamber the out- 
fall sewer was constructed in a tunnel. 
Figs. 8, 9, and 1o show plan and sec- 
tions of the distributing chamber. From 
this point provision was made for 60 
cables being taken from the subway 


INTERIOR OF SUBWAY WITH FLAT ROOF. 


perties, although in some cases houses 
closely abutted the deep trench ; this fact 
speaks well for the excellent way the 
timbermen did their work. 

The outfall sewer above Academy 
Street is 4} ft. high by 3 ft. wide, standard 
egg-shape, with a gradient of 1 in 250. 
The subway is continued along the street 
to within 60 yds. of its junction with 


Union Street: it was originally intended . 


separately into cast-iron socketed ducts 
of 3 ins. internal diameter, laid in cement 


concrete. In the chamber is also pro- 
vided a manhole entrance, and a } h.p. 
Lundell motor and 24-in. ventilating fan, 
which can be controlled from the elec- 
tricity station at Dee Village. This fan 
provides sufficient ventilation in the sub- 
way, and the air is remarkably fresh and 
cool. The exhaust pipe is of cast-iron, 
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INTERIOR OF CABLE DISTRIBUTING CHAMBER, SHOWING VENTILATING FAN AND CABLE DUCTS (BEFORE 


COMPLETION). 


18 ins. in diameter, and is taken into a 
special exhaust pit, provided with cast- 
iron covers in the centre of the street, and 
is arranged so as to come in the 4-ft. way 
of the proposed new tramway lines. The 
subway is lighted electrically by 8-candle- 
power lamps placed in the roof every 
20 ft. 

No special methods were adopted in 
constructing the subway. The ordinary 
trenches were excavated in the usual way, 
and closely timbered throughout with 7-in. 
by 2-in. “runners.” Where the excavation 
exceeded 22 ft. a double setting was used, 
the top being taken out 1o ft. wide for a 
depth of 12 ft. and a second setting started 
the required width of the finished subway, 
the runners being well driven down into 
the sand as the excavation was proceeded 
with ; in most lengths straw was carefully 
packed between the timbering to prevent 
the sand running. Two 3-ton travelling 
cranes were used to remove the excavated 
material. The lower setting of timbering 


was wholly removed after the walls were 
built, but in the upper setting most of the 
runners, and some of the top walings and 
struts were allowed to remain permanently, 
to prevent the possibility of settlements 
or damage to the gas and water mains in 
the street. 

The concrete for the walls of the sub- 
way was gauged in the proportions of three 
parts of granite metal, broken to pass a 
1}-in. ring, two parts of sand to one 
part of Portland cement. Tests were made 
of the actual strength of the concrete : 
bars 30 ins. long, 4 ins. square, made 
with concrete off the stages, were broken 
between supports, 2 ft. apart, after six 
months, and were found to have an 
average breaking-weight of 7 cwts., the 
average of a few bars being as high as 
10 cwts. The weight of a block of con- 
crete cut out of the actual work was equal 
to 145 lbs. a cubic foot: the average 
tensile strength of the Portland cement, 
“neat” tests being 480 lbs. and 560 lbs. 
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for seven and twenty-eight days re- 
spectively. 

The concrete walls were constructed 
between’ frames as shown in Fig. 11, 
1}-in. loose-planed laggings being used ; 
the concrete was deposited in skips, the 
level of the walls being kept about equal 
on either side. As the concrete was put 
in it was carefully punned and worked 
into a floating jelly-like mass by means of 
long flat wooden bars. A length of 30 ft. 
was, under favourable circumstances, con- 
creted at. one time.. When the laggings 
were stripped the walls usually presented 
a very smooth surface, no filling in, as 
a rule, being required. The walls were 
prepared at the top to the required angle 
for springing the brickwork; at first a 
brick “springer” was adopted, but it was 
found afterwards that if the springer was 
formed with fine concrete it was more 
satisfactory. 

When the side walls were ready the 
bituminous damp-proof sheeting was laid 
on the walls (see photograph): the 
sheets used were 6 ft. wide and cut into 
lengths of 12 ft., the ends being rolled 
back out of the way until the arch was 
turned ; when this was done a length of 
sheeting was put on the top of the arch, 
the upper part being made to overlap the 
lower. The jointing of the sheets was 
done very simply with a special hot-iron 
(see photograph), care being taken to 
prevent the iron being used too hot. 
After a series of arches were turned and 
concreted, as shown on the drawings, the 
sheeting was carried across the floor and 
jointed; the lower part of the concrete 
floor, to a thickness of 3 ins., was then 
immediately put in to form a protection. 
The internal walls of brickwork were then 
built in cement mortar, and the cast-iron 
cable-racks fixed every 6 ft. as the lining was 
proceeded with. Between every cast-iron 
cable-rack the 44-in. brick-lining was tied 
into the concrete by means of flat gal- 
vanised iron cramps 2 ins. by ;% in. by 
7 ins. long, with ends turned up and 
down ; holes were cut through the sheet- 
ing into the concrete walls, and the space 
left after the cramps were in position, 
caulked with neat cement. 

In the special flat type of subway shown 


in Fig. 6, the concrete roof was tested for 
strength. Concrete slabs, 6 ins. thick, 
gauged 24 parts of granite metal screened 
through a 1-in. mesh, and 13 parts of sand 
to 1 part of Portland cement, re-inforced 
with the expanded metal before referred 
to, were found to bear, after six months, 
a load of 1: ton per sq. ft. over a span of 
3% ft. without failure; but the writer is 
unable to say what the real breaking load 
would be. The breaking load of the 4 to 
1 concrete slabs over a span of 34 ft., zzth- 
out the expanded metal, was 8 cwts. per 
sq. ft. Judging, therefore, from other ex- 
periments, it is probable that the breaking 
load of the re-inforced concrete, over short 
spans, is four or five times that of the con- 
crete without the expanded metal. These 
loads do not, however, represent the 
actual strength of the roof, as the bitu- 
minous sheeting was covered with an 
additional layer of concrete varying from 
5 to 6 ins. in thickness. 

The general type of manholes on the 
outfall sewer is shown in Fig. 7, the 


entrance to the sewer forming a groin 
under the subway, the floor of the man- 
hole being kept to the level of the ordinary 


dry-weather flow. Access is gained to the 
sewer by wrought-iron ladders, and the 
entrances are provided with hinged ven- 
tilating covers and dirt boxes. Two inde- 
pendent entrances are made to the sub- 
way by means of water-tight manholes at 
Affleck Street and Academy Street. These 
will only be used for drawing in cables 
when required. 

lhe local house-drainage of the east 
end of Crown Street was connected to the 
new sewer, by means of 5-in. fireclay pipes 
taken vertically up the side of the subway, 
an inspection eve being provided in case 
of chokage. On the west side a 9-in. fire- 
clay pipe sewer was laid at a sufficient 
depth to take all the house drains, the 
smaller sewer being connected to the main 
outfall at Portland Street; the object of 
this independent sewer being to prevent 
the opening up of the street when a new 
connection has to be made, as it is likely 
that in a few years Crown Street will 
change from a residential into a business 
street. 

The subway and outfall sewer was 
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practically completed by the end of 
December, 1901. The work has‘ been 
very satisfactorily carried out by the con- 
tractor for the two sections of the outfall 
sewer—Mr. Peter Tawse, of Aberdeen. 
The internal arrangements of lighting, 
etc., were executed by the electrical de- 
pattment, who have also carried out a 
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continuation of the subway, 108 yds. in 
length, within their own ground, to the 
new electricity works at Dee Village. 

The writer was responsible for the pre- 
paration of the contract drawings, and as 
resident engineer of the Girdleness Outfall 
Scheme, supervised the construction of 
the works described. 
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The Footbridge for Building the 
Cables of the New East River Bridge. 


By ISAAC HARBY, Jun., Am.Soc.C.E. 


NE of the largest suspension 
bridges in the world is now 
under construction. It is des- 
tined for the relief of the traffic 

between New York and Brooklyn, and 
will span the East River between Delaney 
Street, New York, and South Sixth Street, 
Brooklyn. When completed, the total 
length of the new bridge will be 7,200 ft., 
including the approaches, which are, 
altogether, about 1,200 ft. longer than the 
existing Brooklyn Bridge. The main span 
is 1,600 ft. in length, the flooring of which 
is pitched at a height of 135 ft. above the 
water level. At the land sides, however, 
the height diminishes to 117 ft. The 
width will be 118 ft., and accommodation 
will be provided for six pairs of railway 
lines and two wide roadways. 

The erection of one suspension bridge 
from which to build the cables of another 
has introduced new ideas and instituted 
a new procedure in the methods of con- 
structing bridges of this type. The cables 
of the New East River Bridge No. 2, 
also designated as “The Williamsburg 
Bridge,” are novel in other respects. 
‘They are the largest suspension bridge 
cables ever attempted, and are suspended 
from towers taller than those in use in 
any other bridge. These towers are also 
distinguished by being the first large ones 
of steel to be used for this purpose. 

It is not unnatural, then, that new 
methods should characterise the work of 
building such cables. 

The engineer in charge of the contract 
for constructing these cables is Wilhelm 
Hildenbrand, M. Am. Soc. C.E., who has 
invented a method of doing better work of 
this class in a shorter time than has pre- 
viously been accomplished on any other 
similar undertaking. His assistant is the 
writer of the present paper, which was 
presented before the American Society of 
Civil Engineers on Nov. 4th last, and 
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forms part of Vol. xxviii., No. 7, of the 
Proceedings of that Society. 

Before entering into the main subject of 
this paper, a more comprehensive idea of 
the situation may be given by a brief 
description of the main cables themselves, 
the erection of which was the reason for 
the existence of the footbridge. The 
writer will also state briefly the conditions 
encountered at the beginning of the 
undertaking. 

There are to be four main cables, each 
composed of 37 strands of 208 No. 6 
steel wires, laid straight, all of which are 
finally to be squeezed into one cylindrical 
cable measuring about rg ins. in diameter. 
The distance between the centres of the 
towers is 1,600 ft. ‘The cables are to be 
passed over the tops of these, where each 
one is to rest-in a saddle mounted on 
rollers permitting a motion of 3 ft. in the 
direction of the cable. 

The weight of the main span of the 
bridge is to be carried directly by the 
cables, but the parts of the bridge between 
the towers and the anchorages are to be 
otherwise supported. Thus the back stays, 
or shore spans, of the cables will have no 
load suspended from them. In order to 
equalise the tensions in the shore spans 
and the main span of the cables during 
their construction the saddles are moved 
back on their roller beds 3 ft. towards the 
anchorages and held there. This position 
has been determined by calculation as the 
proper one to balance the forces caused 
by the tension in the unloaded cable. 
The saddles will move forward gradually 
during the erection of the superstructure 
of the main span. 

The elevation of the centre of the cable 
where it will rest in the saddle is to be 
332°708 ft. above mean high water, and 
the elevation at its lowest point in the 
main span is to be 161027 ft. The 
cables will be anchored 617 ft. (measured 
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horizontally) from the centre of each 
tower, at an elevation of 76°627 ft. ‘The 
end of each strand will be looped around 
a cast-steel shoe, held by a pin passed 
through the end of a chain of eye-bars 
built in a masonry anchorage. 

During the spinning of the wires it will 
be necessary to support each strand on 
sheaves a little above the position it will 
finally occupy in the saddle, and also 
to hold each end of the strand a little 
back of its final position in the anchor- 
age. ‘The combined result of this con- 
dition will cause the centre of the main 
span of each strand to hang about 14 ft. 
higher while it is being made than it 
will after it is lowered into. its final 
position. 

On previous work ot this kind a so-called 
footbridge was used, but it consisted 
merely of a single path from anchorage to 
anchorage, used only as a means of passage, 
and not intended as a working platform. 
In the case of the New York and Brooklyn 
Bridge, this footwalk was suspended on 
two 2§-in. wire ropes. When the Cincin- 
nati and Covington Bridge (the second 
largest suspension bridge now in use) was 
recently re-built by the addition of extra 
cables above the old ones, the footbridge 
there in use was laid on the top of one of 
the old cables. 

The wrapping of the strands and of 
the finished cable has previously been 
done from travellers suspended from the 
cable itself. The regulation or adjustment 
of the wires has been accomplished by the 
assistance of cradles, suspended at several 
points along the line, from which men 
could reach the wires during regulation. 

These methods left much room for 
improvement, and it became quite evident 
that if some sort of a working platform 
could be devised, extending the full length 
of the cables to be built, and from 
which the cables could be reached at all 
points and at all times, a much better 
cable could be built in a much shorter 
time. 

Thus the demand for such a working 
platform called into active service the 
inventive mind of the engineer in charge 
of the execution of the contract, and he 
has designed an original as well as an 
ingenious method of building large cables. 
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This footbridge is more than an ordinary 


footwalk from tower to tower. In the 
main or river span it is a double-deck 
bridge, and consists of eight continuous 
footways, four above and four below. 
The four upper footwalks are about 4 ft. 
below the line which will be occupied by 
the strands of the main cable during the 
time of spinning. The four lower walks 
are just below the line to be occupied by 
the cable when the strands have been 
placed in their permanent position. 

These different footwalks are connected 
by cross-bridges at numerous points, so 
that an easy communication is afforded 
from all parts of the structure. 

The two land spans are placed directly 
below the line of the cables, and have 
only a single deck of four walks. 

The whole structure is supported by 
sixteen wire ropes assembled into four 
groups of three ropes each, with a single 
rope suspended above each group. These 
ropes are stretched from anchorage to 
anchorage, and passed over the tops of 
the towers in saddles especially provided 
for them. 

The three ropes composing a cable are 
clamped together with iron bands every 
5 ft., so as to keep the three together 
throughout their entire length. 

These ropes are 2} ins. in diameter, 
and are made of seven strands of gal- 
vanized steel wires twisted together. ‘The 
ultimate strength of each is 208 tons, and 
the weight 9 lbs. per ft. Each rope was 
made long enough to extend the entire 
distance from anchorage to anchorage, 
about 3,020 ft. 

The ends of these cables were made 
fast to a 30-in. box-girder, spanning an 
opening in the face of an inner wall of the 
anchorage, the girder being set at such an 
inclination that the end of each wire rope 
could pass through it parallel to its web. 
The ropes thus passed through are secured 
by means of button sockets, which bear 
against the back of the girder. 

In order to permit of some adjustment 
in the lengths of the different ropes form 
ing the cables, and also for convenience 
in erecting, each is pieced about 1oo ft. 
from each end, and re-united by means 
of sockets with screw rods _ passing 
through them. These rods are 3} ins. 

















in diameter, 6} ft. long, and are threaded 
at each end. They permit of an adjust- 
ment of 4 ft. 

The ends of the four ropes are spaced 
along the anchorage girder about 1 ft. 
apart, and the ropes converge to a point 
on the front wall of the anchorage where 
they pass over a cast-iron saddle. Be- 
tween this saddle and the saddle on the 
main tower they are clamped into one 
cable, and form the support for the land 
span of the footbridge. 

The clamps are spaced every 5 ft. 
measured horizontally, and from each 
hangs a suspender rod of #-in. round iron, 
and an inclined 1-in. suspender reaching 
sideways. Between each pair of cables is 
a §-in. tie-rod. The lower ends of the 
suspenders pass through 3-in. by 8-in. 
yellow pine beams, upon which the 2-in. 
by 6-in. flooring is laid. As ‘the slope of 
the land span becomes steeper as the 
owers are approached, it was found 
necessary to break the grade with a step 
at each beam for about two-thirds of the 
distance, and the rise of these steps in- 
creases with the elevation. Spruce posts 
bolted to each beam support a ?-in. gal- 
vanised wire rope hand-rail stretched 
tight. Frame towers at the middle of the 
land span carry sheaves for supporting a 
travelling rope at that point. 

The main span, 1,600 ft. in length, is 
supported for a distance of 400 ft. out 
from each tower by means of 1-in. sus- 
pender rods ; and the remaining 800 ft. at 
the centre of the span, rests directly on 
top of the cables, and is clamped to them 
by means of U-bolts passing between two 
3-in. by 8-in. yellow pine floor beams 
bolted together. The suspender rods are 
hung to the clamps which bind the three 
ropes together. The lower ends of the 
suspenders are passed between the two 
floor beams at each point. The sus- 
penders decrease in length as the distance 
from the tower increases, until they are 
discontinued, about 400 ft. out, where the 
beams rest directly on top of the cables, 
and are secured with U-bolts. Planking, 
2 ins. by 6 ins., with 2-in. spaces between, 
laid across the floor beams, forms a fvot- 
walk. Cleats nailed crossways add to the 


security of the foothold. 
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The upper deck of the main span’ is 
supported on posts which rest directly 
upon the beams of the lower deck. These 
posts are capped with stringers, which in 
turn carry beams to which is nailed the 
flooring similar to that on the lower deck. 
Hand-rails of $-in. galvanised wire ropes 
are stretched on both sides of each walk. 
The bridge is stiffened laterally by a 
cross-bracing of 3-in. rods. 

Four 2}-in. storm cables are suspended 
below the main span in the form of para- 
bolas, the vertices of which are about 4 ft. 
below the vertices of the four footbridge 
cables. The storm cables cross each 
other between the centre and the point 
where they are secured to the columns of 
the main tower about 50 ft. above high- 
water mark. 

The land spans are held by guys at- 
tached to the steelwork of the truss form- 
ing the end spans of the main bridge. 

In considering the design of the foot- 
bridge, the following conditions and 
requirements were known : 

(1) Length of centre span, z.e., horizon- 

tal distance between towers ; 

(2) Length of land spans, .e., horizontal 
distance between towers and an- 
chorages ; 

(3) The exact position of the main 
cables when finished, and the 
exact position of each strand 
while being spun ; 

(4) The lower deck of the footbridge, 
when finished, must be about 4 ft. 
below the line of the main cable ; 

(5) The upper deck of the finished foot- 
bridge must be about 4 ft. below 
the line of a strand being spun ; 

(6) The floors of the two land spans 
when finished must be about 4 ft. 
below the line of the cable when 
in position ; 

(7) Each cable must be accessible from 
the footbridge at every point 
along its length. 

The general design of the structure 
being decided upon, the preliminary step 
in the calculations was the location of the 
saddles on the towers and anchorages in 
order to determine the exact span and 
deflection of the curves. 

The cable passes over two saddles on 


De 
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each tower, placed 6 ft. 8 ins. on each side 
of the centre of the tower. 

Therefore : Length of main span = 1,600 
-2xdistance from centre of tower to 
tangent of curve on saddle. 

The position of the tangent point was 
found approximately by scaling the draw- 
ing of the saddle after the line of the cable 

awas laid off on it approximately at the 
correct angle. 

The span being thus determined, the 
versed sine of the curve had to be found. 
The elevation of the tangent point on the 
saddle was known. The elevation of the 
centre of the main cable at the middle of 
the span was also known. The distance 
below the centre of the main cable to the 
bottom of the footbridge cable = 4 ft. + 
the thickness of the flooring, floor beams, 
and footbridge cable. The versed sine 
of the loaded footbridge cable was thus 
determined. 

The curve of this cable, after the foot- 
bridge had been built upon it, would 
approximate a parabola, and it had been 
found by experience that the formula of 
the parabola might be used here ‘with 
practically correct results. 

The load upon the bridge, while not 
exactly uniform per horizontal foot, is 
nearly so. The load due to the weight of 
the cables themselves is greater near the 
towers where the slope is steeper; but this 
is partially balanced by the additional 
weight of the timber work at the centre of 
the span due to the increased distance 
between the upper and lower decks at that 
point. 

The total load on the main span is 
made up as follows : 

718,000 Ibs. 
87,800 ,, 
222,000 , 


55,500 ;, 
19,500 ,, 
7,200 ,, 


Timber work 2 € 

Rods, bolts, clamps, ete. 

Cables : 

Storm cables 

Guys and storm cable suspenders. 
Travelling rope se 


Total . «as .I1,110,000 ,, 


Total load 


Span —y, and the 


equation of the curve could thus be 
determined. 

Next, it became necessary to find the 
equation of the curve of the main cable 
hanging unloaded. This cable, being of 


The load per foot = 


uniform section throughout its length, will 
hang in the curve of the catenary, the 
formula for which may be determined 
from the given position in which the cable 
is required to be suspended. 

By computing an ordinate of the main 
cable and an ordinate of the footbridge 
cable at the same point, the position of 
the footbridge floor in reference to the 
footbridge cable was determined, and the 
operation was repeated at as many points 
as desirable. These ordinates were com- 
puted for every 50 ft., and the curve 
plotted on a scale of }-in.=1 ft. After 
the two curves were laid out, the line of 
the floor of the lower deck was drawn, it 
being a constant vertical distance below 
the main cable. 

After plotting these curves, it was found 
that the line of the lower deck floor of the 
footbridge nearly coincided with the curve 
of the footbridge cable for a distance of 
400 ft. on each side of the centre of the 
span. The beams of the lower deck floor, 
therefore, were attached directly to the 
footbridge cables for that distance. The 
lengths of the suspenders for the remain- 
ing 400 ft. to each tower were computed 
from the known ordinates at every 50 ft., 
and the intermediate ones were found by 
interpolation. 

The next step was to locate the position 
ot the upper deck. The floor of the 
upper deck had to be a constant distance 
below the strand while it was being made, 
this position of the strand being due to its 
temporary support in a position somewhat 
higher than that which it will occupy ulti- 
mately. Supporting the strand on sheaves 
over the saddles, and holding the end 
of it back of its final position in the 
anchorage cause this condition. 

This temporary suspension of the strand 
will allow it to assume the form of the 
catenary, the formula for which can be 
found, and the curve plotted on the same 
sheet with the other curves. The position 
of the upper deck floor may then be 
plotted also. Comparing the ordinates of 
the curve of the upper deck floor with 
those of the lower deck floor, the lengths 
of the posts supporting the upper deck 
may be determined. 

On the land spans the difference in 
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elevation between the cable in position 
and the strand being made was so small 
that a double deck was not necessary, as 
the strand in either position would be 
easily accessible from the same footwalk. 
The lengths of the suspenders in this span 
were readily computed by a comparison of 
the ordinates of the footbridge cable and 
tfe main cable in position. 

Having settled upon the exact position 
and design of the finished footbridge, it 
became necessary to know in what posi- 
tion to suspend the unloaded cables, so 
that they might hang at the desired eleva- 
tion after the weight of the structure had 
been placed upon them. 

To arrive at this knowledge an inverse 
process of reasoning was necessary. It 
was assumed that the bridge was standing 
complete, with its cables in a known 
position and under a known tension. The 
length of the cable, under these known 
conditions, was computed from the equa- 
tion of the parabola. Then it was as- 
sumed that all the load had been re- 
moved. The cables then would hang in 
the curve of the catenary. The average 
tension was then computed from the 
equation of that curve. The modulus of 
elasticity of the rope having been pre- 
viously determined by tests, the difference 
in length of the cable for this known dif- 
ference in'tension was then found. The 
new length being determined, and the 
curve known to be a catenary, its versed 
sine was readily computed. ‘The eleva- 
tion of the points of support being known, 
the elevation of the vertex of the curve 
was found. . 

To suspend the cable at the correct 
elevation, a levelling instrument was set 
up in one of the towers at exactly the 
elevation at which the lowest point of the 
cable should hang. 

For the adjustment of the cables in the 
two land spans a similar process of reason- 
ing was used to find the curve in which 
the unloaded cables would hang; but as 
the vertex of the curve lies outside of the 
points of support of the catenary, the 
method of adjusting the cable by means 
of the level could not be used. In this 
case the transit had to be: used; it was 
set up at a known point between the two 


supports and in such a position that a line 
of sight could be taken tangent to the 
curve of the cable. 

The equation of the tangent which 
passes through the point at which the in- 
strument was to be stationed was found 
by previous calculation. The inclination 
of this line being known, the transit was 
set up, and the telescope inclined at the 
correct angle of the tangent. In adjust- 
ing the cable it was only necessary to hang 
it so that its underside was tangent to the 
line of sight of the transit. 

These calculations were all based upon 
a mean temperature. However, as the 
temperature plays an important part in 
the position of a cable of such length, it 
became necessary to make due allowance 
for such changes. ‘The given position of 
the main cable unloaded formed the basis 
for all calculations as to the position of the 
footbridge. This position is given fora 
mean temperature of 60 degs. Fahr. 

The first figures obtained for adjusting 
the cables of the footbridge had to be 
tabulated for a temperature of 60 degs. 
Fahr. 

The elevation for which to adjust the 
cable in the main span for this tempera- 
ture had already been determined. If it 
is assumed that the temperature on the 
day the cable was to be adjusted would 
be 1 deg. higher, the increase in tempera- 
ture would cause an increase in length, 
but the increase in length would also 
cause a decrease in tension. ‘This de- 
crease in tension had to be taken into 
account in determining the amount of 
stretch due to tension. ‘The true length 
was thus found for the new temperature, 
and the deflection computed and _ tabu- 
lated. This was done for all temperatures 
which were likely to occur during the 
time of making the adjustment. In the 
case of the land spans a different tangent 
was found for the various temperatures, 
and its angle tabulated to be used as 
required. 

The footbridge cable ropes were shipped 
by rail from the makers, and were trans- 
ferred to the foot of the Manhattan tower 
on the deck of a large tug. Each rope 
was 2} ins. in diameter, and about 3,020 ft. 
long. It came on a reel 7 ft. in diameter 
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and 4 ft. wide, the whole weighing about 
14 tons. A float, 180 ft. long and 25 ft. 
wide, previously used for the transfer of 
freight cars, was moored at the foot of the 
Manhattan tower. Three reels at a time 
were placed upon this float, mounted on 
stands bolted to the deck, and placed so 
that the ropes could be reeled off over the 
side. Each reel was provided with a cast 
iron brake-rim over one flange of the drum, 
around which was passed two turns of 
13-in. manilla line, one end being secured 
to the deck and the other held by hand. 

The end of each rope was unfastened 
from the reel, raised over the tower, drawn 
back to the anchorage and secured there. 
‘This was accomplished in the following 
manner. The fall-line from a derrick on 
top of the tower, operated by a hoisting 
engine on the float, was attached to the 
rope by means of a clamp about 60 ft. from 
its end. The end of the rope was then 
hoisted to the top of the tower. As the 
rope unwound from the reel, the loose part 
passed over the saddles and was placed in 
temporary rollers mounted on them. Fig. 1 
shows the saddles for the main cable and 
for the footbridge cables, one footbridge 
rope being in position and the other in 
the rollers ready to be pulled over. Another 
clamp was now attached about ro ft. from 
the end of the rope, to which was con- 
nected a long line running back to the 
anchorage and operated by means of 
another hoisting engine located on the 
end-span truss about half-way between 
the anchorage and the tower. After the 
tension had been taken on this “ runner,” 
the fall-line on the derrick was relieved of 
its load and the clamp loosened on the 
rope, so that it would slide down easily on 
the rope to the bottom of the tower. 
There it was once more clamped to the 
rope, and both engines were operated, 
one lifting it and the other pulling the 
end back to the anchorage. It was neces- 
sary to readjust the lifting clamp each time 
it reached the top of the tower, until 
the end of the rope had arrived at the 
anchorage. 

The socket was next put on and the 
connection made to the short piece of 
rope previously secured to the anchorage 
girder. This operation was repeated until 
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all three ropes, forming a cable, were simi- 
larly placed. Each in turn was removed 
from the rollers on top of the saddles, and 
lowered into place in the saddle. 

The next operation was to get these 
ropes across the river. This was accom- 
plished with the assistance of three power- 
ful tugboats, which towed the float across 
the river at slack tide. This time was 
selected because the course could be 
more easily controlled, and because at 
that time vessels could be more easily 
handled and kept out of the way. The 
float was towed sideways, with a tug at 
each end and one ahead to pull. ‘The 
course was kept as nearly as possible in 
a straight line between the two towers, 
and, as it was traversed, the reels were 
allowed to pay off the rope, which sank 
and lay upon the bed of the river, the 
ropes having been previously lashed to 
the bottom of the Manhattan tower. 

The trip across the river occupied about 
14 minutes, during which time great care 
had to be exercised that the reels did not 
pay off too rapidly. When the Brooklyn 
side was reached, the float was moored to 
the tower. It was then found that about 
400 ft. of rope remained on each reel. 
This was unreeled, one reel at a time, 
and laid along the full length of the deck 
of the float. About 6oft. from the end 
of the rope a clamp was secured, to which 
the fall-line from a derrick on the tower 
was attached. The engine on the float 
operated the line and hoisted the end of 
the rope to the top of the tower. The 
loose end was next passed over the tower 
and placed on the rollers on top of the 
footbridge saddles. Another clamp was 
placed near the end of the rope, to which 
was attached one end of a three-part, -in., 
wire-rope tackle, which reached to the 
Brooklyn. anchorage, and was operated by 
a 60-h.p. hoisting engine there. The 
clamp was removed from the river side 
of the rope as it lay over the saddles. 
The lashings which held it near to the 
foot of the Manhattan tower were cut, 
and everything was then in readiness to 
raise the rope from the bed of the river, 
and stretch it from tower to tower. ‘I'wo 
Government patrol boats guarded the river 
to prevent passing craft from interfering 
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with the operation, which was performed 
at slack tide. 

At a signal from a steam whistle on the 
float (the signal also serving as a warning 
to passing boats), the engine on the 
Brooklyn anchorage began to pull the 
rope over the tower, and gradually drew 
it,from the river bed until it had been 
raised nearly to its correct position. This 
operation consumed from four to six 
minutes. By this time the upper block 
of the tackle had travelled to the Brooklyn 
anchorage. The main span was now so 
nearly balanced with the Manhattan land 
span that workmen on top of the Man- 
hattan tower were able, by means of a set 
of hand-tackle, to pull the rope over the 
tower until it was correctly adjusted. 

A man with a transit stationed at the 
correct point below the curve fixed the 
position of the rope according to the tem- 
perature. Once adjusted, the men on the 
tower marked the rope in its correct 
position, and secured it against future 
movement. 

At the same time an additional clamp 
was being placed on the end of the rope 
which had been pulled down to the 
Brooklyn anchorage. ‘This was placed a 
little above the other clamp, and, attached 
to the former, was a nine-part manilla 
tackle with its other end secured to the 
short rope fastened to the anchorage 
girder. A tension was now taken on the 
manilla line by the engine, and the tension 
on the wire-rope tackle relaxed and the 
clamp removed. In the meantime the 
rope was lowered into the saddle on 
the Brooklyn tower, and everything was 
made ready for the final pull. 

A man with a level stationed in the 
Brooklyn tower at the correct elevation 
according to the. temperature, gave the 
signals to raise or lower the rope until it 
hung at the correct height over the middle 
of the river. When this was adjusted, 
the position of the rope was marked on 
the Brooklyn tower, and secured against 
future disturbance. 

The next step was to adjust the Brooklyn 
land span. ‘This was done, as on the 
Manhattan side, by means of a transit 
set at the correct angle. The rope was 
lowered or raised to the correct position, 


which was marked on the saddle at the 
face of the anchorage as soon as adjusted. 
The rope was then measured and cut off, 
and the socket put on and connected to 
the short rope fastened to the anchorage 
girder. 

This completed the stretching of one 
of the footbridge cable ropes. The 
operation was repeated until twelve ropes, 
assembled into four cables, were similarly 
suspended. ‘The adjustment of the sub- 
sequent ropes was made by comparison 
with those previously adjusted, but all 
were finally checked independently. 

The placing of the timber work was 
begun at each tower, and worked down- 
ward toward the centre on the main span, 
and toward the anchorages on the land 
spans. Each piece was framed and 
marked as to its location in the structure 
before: being hoisted from the ground. 
‘Two travellers for the main span were first 
erected at each tower, and two for each 
land span. In each case a traveller ran 
on two cables by-means of grooved wheels 
connected by an axle to which was sus- 
pended a platform large enough to accom- 
modate four or five men. The cable 
bands, ,suspender rods, and floor beams 
were attached to the cable by the men on 
the traveller. The traveller was allowed 
to run down the cable in advance of the 
work. ‘The traveller is shown in Fig. 2. 
Another gang followed up the traveller 
and laid planks across the floor beams as 
fast as they were swung into place. Fig. 3 
is a view from the traveller on the main 
span, looking back at the work just 
placed. In the main span the material 
was carried down from the towers by 
hand, but on the land span each bent was 
framed complete on the truss below, and 
hoisted up and connected to the cables 
by the men on the travellers. Fig. 4 
is a view of one of the land spans dur- 
ing construction, in which the travellers 
have advanced about halfway to the 
anchorage. It was necessary to keep the 
work on the two sides of the tower well 
balanced, so as not to cause the cables to 
slip over the saddles from undue loading 
in one span. 

The travellers advanced toward the 
centre of the main span simultaneously 
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from each tower, so that the meeting-point 
was at the centre. When this point was 
reached the travellers were taken apart 
and carried back over the footwalk to the 
towers. 

The land span travellers were run down 
to the anchorages, and taken apart there. 
Hagdrail posts were next bolted to the 
floor beams, and a }-in. galvanised wire 
rope for a handrail was stretched along 
the full length of each footwalk. 

Before commencing to erect the upper 
deck of the main span, four additional 2 }-in. 
ropes were suspended. ‘These ropes were 
drawn across the bridge from the Man- 
hattan tower, the reel being placed at the 
foot of the tower. ‘This pulling was done 
by an engine on the Brooklyn anchorage 
with a -in. plough-steel line, passing over 
the Brooklyn tower and running on the 
sheaves on top of the footbridge saddles. 
Each of the four ropes was hung just 
above one of the footbridge cables, and 
rested in the same saddle at the top of the 
tower. These ropes were suspended at 
a certain elevation so as to be just below 
the floor beams of the upper deck, and 


carry their proportion of the load of the 


bridge. In each land span they were 
drawn down and clamped to-the other 
three ropes, forming a cable. Fig. 5 is a 
view of the land span of the footbridge, 
as seen from the Brooklyn anchorage, as 
it passes through the steelwork of the end 
span. 

The erection of the framework for the 
upper deck was begun at the centre of the 
main span and carried toward the towers. 
Fig. 3, is a view of the main span, show- 
ing the erection of the upper deck. The 
. material was run down on top of the cable 
by bridgemen who held each end with a 
line and ran along the footwalk with each 
piece, as shown in Fig. 6. When the 
posts, stringers and floor beams were in 
place, the 2-in. by 6-in. flooring was laid over 
the beams, beginning at the towers and 
working toward the centre. The flooring 
on the land spans was similarly laid. 
Handrails of g-in. galvanized wire rope 
were stretched on each side of every foot- 
walk, and secured to the handrail posts 
with staples. 

Halfway between each anchorage and 


tower, and at three points along the main 
span, were erected frame towers about 
12 ft. high. On these were supporting 
sheaves over which ran a_ travelling 
rope. 

The four 2}-in. storm cables previously 
described, each about 1,700 ft. long, were 
delivered on reels at the foot of the Man- 
hattan tower. The free end was taken 
to the top of the tower, passing up the 
land-side, and crossing over the top 
toward the river on the sheaves on top of 
the footbridge saddles. The rope was now 
drawn across the footbridge in the same way 
as were the cables for theupperdeck. ‘They 
were laid across the lower deck beams 
and in such a manner that they could be 
easily pushed overboard. While in this 
position a suspender of }-in. galvanized 
wire rope was fastened every 40 ft. ‘The 
other end of the suspender was attached 
to the footbridge cables. The length of 
each had been regulated by previous 
calculations, so that when the storm cable 
became suspended by them it would hang 
in the form of a parabola. 

When all the suspenders were properly 
connected, the cable was lowered over- 
board by means of blocks and falls at 
numerous points until it was hung on the 
suspenders. The two ends were then 
pulled in to each tower, and_ sockets 
placed upon them. Each was secured to 
one of the main posts of the tower and 
screwed up to the proper tension by 
means of long U-bolts. A view of the 
main span, with the storm cables and 
guys in place, is shown in Fig. 7. The 
footbridge was secured additionally by 
means of long guy ropes which ran from 
the main span down to the towers. 

Fig. 8 is a view of the completed foot- 
bridge as seen from Brooklyn, just back 
of the anchorage. When the structure 
was completed, observations were made 
to determine how near the bridge came 
to occupying the position for which it 
was finally intended. . The result of the 
observations showed it to be within a very 
few inches of the calculated position, 
which was a great source of gratification 
to the engineers in charge, as it proved 
the correctness of the assumptions, the 
exactness of the intricate calculations 
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involved, and the accuracy of the instru- 
ment work. 

When the last wire in each main cable 
had been laid and the last strand adjusted, 
the usefulness of the upper deck of the 
footbridge was at anend. The whole of 
the upper deck work was then removed, 
the Jooring being transferred to the lower 
deck and the other timber work being 
kept on the span, so as not to change the 
loading and consequently the position of 
the bridge. The upper cables were tied 
to the lower ones by long U-bolts, so as to 
make each carry a proportion of the load. 


The work of putting on the cable bands 
and cable covering, and hanging the 
suspenders, can now be completed from 
the lower deck of the bridge. 

The expectations of what the footbridge 
would accomplish have not been over- 
estimated, for it has permitted a saving of 
much time, made the work safer, and 
afforded a means of building the cables as 
nearly perfect as it is within human 
possibility to do. The erection of such a 
bridge may be usually considered a very 
hazardous occupation, but in this case 
not a single accident occurred. 
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Modern Compound Locomotives. 
By CHARLES S. LAKE. 


(Continued from page 432.) 


Section II.-AUSTRIAN AND AMERICAN LOCOMOTIVES. 


(Golsdorf and Vauclain Systems.) 


oS & & 


HE name of Herr Karl Gdélsdorf is a 

familiar one wherever the subject of 

compound locomotives is under dis- 

cussion. The well-known system 
invented by that gentleman, and applied 
by him to some hundreds of engines in 
Austria, Russia, Sweden, and Germany, 
has proved uniformly successful wherever 
it has been adopted. In his official capa- 
city as Chief Mechanical Superintendent 
of the Imperial Austrian State Railways 
(K.K. O6esterrische Staatseisenbahnen) 
Herr Gélsdorf has been called upon to 
design some exceedingly powerful loco- 
motives for working both passenger and 
goods traffic. 

As will be seen from the illustrations, 
he has produced some engines which are 
remarkable both in respect of general out- 
ward appearance and also for the number 
of special features which are embodied in 
the details of their construction. 

(Juite recently four-cylinder locomotives 
have been adopted upon the Austrian 
State Railways, but for many years two- 
cylinder compounds have been employed 
upon each of the various services which 
are incorporated under the State Adminis- 
tration. In the course of a letter to the 
author Herr Gdélsdorf says :- 

‘* The distinctive feature of the Gélsdorf system 
is that no starting valve is required. In the low- 
pressure valve seating two small live steam inlets 
are placed, and. are so arranged that when the 
engine is starting, or for any special reason requires 
additional power from the boiler (the reversing 
screw being in full forward or backward gear), one 
of the apertures fs uncovered, and the other is 
closed by means of a rib which is cast in the slide 
valve. 

‘** Two apertures are situated one at either end 
of the valve travel. There is no intercepting valve 
in the receiver.” 


Fig. 13 is illustrative of this arrangement. 


The inlet pipes A and XA! are curved 
round at either end of the cylinder, and 
are connected by means of a union toa 
straight pipe, which is led into the valve 
chest of the high-pressure cylinder. 

Some exceedingly powerful locomotives, 
designed by Herr Gélsdorf for the Austrian 
State Railways, were built in 1899. One 
of their number is illustrated by Fig. 9. 
The engines of this class are noteworthy, 
if only on account of their having inside 
cylinders—-a practice not at all common 
upon the Continent, especially in the case 
of two-cylinder compounds. There are 
six coupled wheels and a leading bogie. 
At first sight it might be supposed that 
the engines are provided with double 
frames and outside cranks, as is done 
upon the English Great Western and other 
railways ; but this is not the case, as there 
is no framing inside the wheels in these 
engines. The reason for this reversing 
customary practice is that the diameter of 
the low-pressure cylinder being so great 
(30 ins.), it is impossible to get both it 
and the high-pressure cylinder between 
the frames unless the present method of 
arranging them is resorted to. This type 
of engine is being perpetuated. Since 
1899 (the year of their introduction) 
twenty-three have been built, and eleven 
more are on order, and are to be com- 
pleted by the end of 1902. These will be 
numbered 925 to 935 inclusive. 

“Heusinger” valve gear is used, and, as 
will be noticed, the single eccentric which 
is employed for each set is placed between 
the outside crank and the frame. 

The cylinders are — high - pressure, 
530 mm., and low-pressure, 810 mm. in 
diameter by 720 mm. stroke. 

The coupled wheels are 1°780", and 
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the bogie wheels 994 mm. diameter on 
tread. The total heating surface is 
207°9™, made up as_ follows :—Tubes 
279), 51mm. outside diameter = 192°4™ ; 
fire-box, 15°5""; the grate area is 3°1™. 

The working pressure is 14 atrnospheres, 
and in accordance with usual Austrian 
practice the “‘Coale” type of safety valves 
are fitted. 

Fig. 11 represents one of the two- 
cylinder four-coupled compound express 
locomotives with leading bogie, of which 
there are at present some fifty or sixty 
in actual service, whilst numerous others 
are in course of construction, the number 


FIG, 10, 


ordered to be completed by the end of 
the present year being ninety-nine. 

‘l he engine illustrated (No. 10711) is one 
of the later examples of the type. There 
are also sixty-eight engines of very similar 
design, but with smaller low-pressure 
cylinders and driving wheels and slightly 
less heating surface. The construction of 
this earlier series (which bore numbers 
from 601 to 669) has now been discon- 
tinued in favour of the present pattern. 
In these engines the usual plan of placing 
the cylinders outside the frames is 
adopted. 

The steam-chests are placed above the 
cylinders, necessitating the use of outside 
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valve gear. Steam is conveyed to the 
high-pressure cylinder by means of a 
supply pipe fixed outside the boiler. This 
pipe is sufficiently lagged to prevent any 
ill-effects from exposure to the atmosphere. 
These engines are employed in working 
the heavy through International trains 
(which weigh on the average from 250 to 
300 tons), at a speed of 40 to 45 mls. per 
hour, over sections of the line which in- 
clude grades of } per cent. and sometimes 
more. 

With lighter trains, speeds of 63, 64, 
and 65) mls. per hour have been 


attained in the more level districts 


OUTLINE DRAWING OF SIX-COUPLED ENGINE, AUSTRIAN STATE RAILWAYS, 


The principal dimensions of these 


successful engines are :— 


Cylinders :— 
High-pressure 500 mm. dia. | , ~~ 
Low-pressure 760 mm. dia. } om. th 

Coupled wheels 2. 100". dia. 

Bogie va 995mm, dia. 

Boiler dia. (inside) 1.420™. dia. 

Tubes (No. ) 205 

es diameter 51 mm. 

Heating surf.(tubes)144. 5™* } : 

yy ay (fire-box)t1.5m? Total, 154.0m 


Grate area 3.0m, 

The steam-pressure is 13 atmospheres, 
and “Coale” pattern safety-valves are 
used. The weight of the engine (only) 
in working order is 55°70 tons (Austrian). 
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FIG, I1,—FOUR-COUPLED BOGIE, TWO-CYLINDER, COMPOUND EXPRESS LOCOMOTIVE ; GOLSDORF SYSTEM ; 


AUSTRIAN STATE RAILWAYS, 


Herr Gdlsdorf’s latest design is shown 
by Fig. 14. The engines of these series 


have four cylinders and an extra pair of 


carrying-wheels behind the fire-box. They 
are in every respect the most powerful 
class possessed by the Administration, 
and constitute a marked advance in 
Austrian locomotive practice. 

They have been specially designed for 
running the International trains (which 
are greatly increasing in weight) at higher 
speeds than formerly existed, and so far 
as can be judged by the performances 


with which they .have up to the present 
time been credited they are admirably 
adapted to their task. There are at 


“present only five of these locomotives 


in- regular service, but twelve more are 
on order, to be delivered before the close 
of this present year. 

The low-pressure cylinders are placed 
outside, and the high-pressure between 
the frames, with the valves in all cases 
above them; those of the low-pressure 
working at an angle to the centre line of 
the cylinder in order to save space. It 


FIG, I2.—DIAGRAM OF FOUR-COUPI.LED ENGINE, AUSTRIAN STATE RAILWAYS, 
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will be noticed that the outer shell of the 
fire-box rests upon the top of the main 
frames of the engine, a practice commonly 
resorted to in America. Brake blocks are 
fitted to the bogie-wheels, but none are 
provided for the carrying-wheels. The 
slightly extended smoke-box is supported 
upon a saddle, which is cast in one with 
the cylinders and steam-chests. The 
leading dimensions are— 


Cylinders :— 
High-pressure (2), inside 
Low-pressure cil outside 
Coupled wheels 
Bogie wheels 
Carrying wheels 
Boiler :— 
Length of barrel .. 
Diameter (inside)... 
Centre line from rail 
Heating surface (tubes) 
(fire-box) 


” ” 


Grate area . 
Wheel base (bogie) 
” wheel nat 
coupled wheels 


centre of hindmost coupled wheel to centre of trail- 


ing wheel 


The steam pressure carried is 15 atmos- 
pheres. These locomotives are classed as 
Series 108, and weigh, in working order 
(engine only), 68,300 kilogrammes. The 
tender is carried upon two four-wheeled 
bogies. 

Speaking of the conditions under which 
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FIG. 13.—SECTION THROUGH L. P. VALVE-CHEST OF A GOLSDORF 


COMPOUND LOCOMOTIVE, 


centre of hindmost bogie wheel to centre of driving 
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these locomotives have to work, Herr 
Gélsdorf says :— 


“‘To further emphasize the necessity for the 
large boilers and grates which I use in the engines 
of my design, I must explain that the coal used is 
of very inferior quality. 

‘*The evaporative power of 6 Ibs. of steam to 
I lb. of coal is only realised on special occasions 
when we burn no more than about 300 to 350 
kilogrammes of coal per square meter of grate 
(70 Ibs. to 85 Ibs. tng square foot). If we en- 


350 mm. dia. | by 600-mm. 
600 mm. dia. / stroke. 
2°140 m. dia. on tread. 
1°034m. ,, ” 

I°300 m. ,, ss 


3°815 m. 
1°644 m. 
2°830 m. 


210°9 m.? 
16°6 m.? 


227°5 m.? 


WP — 333m 
2°420 m. 


1°880 m. 
2°800 m. 


1°*800 m. 


g°000 m. 


deavour to improve upon this capacity, clinkered 
grates are the result.” 

Although the locomotives of the United 
States of America are placed last upon the 
list in the present article, it must not be 
inferred that the compound principle 
is receiving less attention in that land of 
enterprise and engineering develop- 
ment than in other quarters of the 
globe. One of the most successful 
compound systems of modern times 
owes its origin to the inventiveness 
of Mr. Samuel M. Vauclain, of the 
Baldwin Locomotive Works, of Phila- 
delphia, Pa. _Itis strictly in accord- 
ance with the accepted trait in the 
national character— originality —that 
the Vauclain system should differ ma- 
terially from all others ; indeed, the 
same may be said of American loco- 
motive practice generally, for there 
exists a wide distinction between the 
engines of the United States and 
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thoseof other countries of the world, both as 
regards constructional details and general 
external appearance. 

The unique position occupied by the 
compound system under notice is princi- 
pally accounted for by the fact that the 
cylinders are so arranged that, although 
they are four in number, only two cross- 
heads, and consequently two connecting 
rods, are required for communicating 
motion to the driving wheels. 

Furthermore, the use of one valve for 
eaek, pair of cylinders is rendered possible ; 
so that; altogether, the initial cost of con- 
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to get it. No receiver is used. The 
course taken by the steam in operating 
the pistons can be easily followed by 
referring to the sectional view of the 
cylinders (Fig. 16). For the purposes of 
illustration the high-pressure cylinder is 
shown as being raised some distance 
above the low-pressure. This has been 
done in order that the valve-chest may 
be also exposed to view. The arrows 


shown in the sketch indicate the passage 
of the steam, from the moment of its enter- 
ing the high-pressure cylinder to that of its 
being finally ejected into the atmosphere. 


FIG. 14.—TEN-WHEELED, FOUR-CYLINDER, COMPOUND EXPRESS LOCOMOTIVE, AUSTRIAN STATE RAILWAYS, 


struction is considerably curtailed. This is 
a strong argument in favour of any device 
which does not sacrifice efficiency for sim- 
plification of detail, and this the Vauclain 
arrangement certainly does notdo. The 
cylinders are arranged in pairs, with the 
high-pressure in some cases superposed 
upon the low-pressure, whilst in others the 
low-pressure is uppermost, the two piston 
rods being attached to one common cross- 
head, as previously stated. The valve 
chest is cast in one with the cylinders, 
and is usually placed immediately behind 
the high-pressure as close as it is possible 


The starting valve is worked from the 
cab, and is altogether independent of the 
valve-gear of the locomotive. A piston- 
valve (Z) is used for distributing steam to 
the two cylinders. This valve has solid 
ends (C and C'), and is provided with an 
annular cavity around the centre portion 
of the body. 

When the valve is in the position shown 
in the drawing, steam at boiler pressure 
enters the valve chamber through the 
ports A, and passes from there to ports B 
and thence into the front end of the high- 
pressure cylinder, and, propelling the 
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Stations. 


Camden - - 
West Collingswoc vd - 
Haddon Heights 
Magnolia 
Clementon 
Williamson Junc. 
Cedar Brook - 
Winslow Junc. 


Distance. 


Mls. 


° 


31 
5°5 
7°9 
- 12°O 
- 170 
- 19°9 
- 24°5 








Scheduled Actual ti me 


time. 


p-m. 
3°50 
3°55 
3°57 
3°59 
4°02 
4°06 
4°09 
4°12 
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15 —DETAILS OF FOUR-CYLINDER, COMPOUND LOCOMOTIVE, AUSTRIAN 


FIG. 


FEILDEN’S MAGAZINE. 


piston within it, causes the steam 
which is behind the piston, and 
which has already been used on 
the forward stroke, to escape 
through the passage B'. Then 
passing through the valve £ it 
flows into the front end of the 
low-pressure cylinder by way of 
the passage D. The low-pressure 
piston is then caused to travel 
towards the back end of the 
cylinder, compelling the steam 
located there (which has already 
been used in both cylinders) to 
escape through the passage JD! 
and the circular opening in the 
body of the valve, and to be 
finally discharged through the ex- 
haust port and blast pipe into the 
atmosphere in the usual manner. 
The same operation takes place 
at both ends of the four cylinders. 
One of the most remarkable 
specimens of American locomo- 
tive design is illustrated by 
Fig. 17. This is one of the 
engines which is daily employed 
in hauling the trains known as 
the “Atlantic City Flyers,” which 
are timed ‘to cover the distance 
between Camden and Atlantic 
City (the American Brighton), 
a distance of 55.5 mls., in the 
scheduled time of 50 mins. The 
loads are not excessive, usually 
consisting of five cars of the 
standard type, and the road is uni- 
formly level ; but even with these 
facts considered the performance 
is a remarkably fine one, and in 
order to show that this timing is 
occasionally improved upon, the 
following log—the accuracy of 
which is vouched for by the Bald- 
win authorities—is appended :— 


Scheduled Actual time 


Stations. Distance. of starting 


time. 
and arrival 


Mls. p-m. p.m. 


Hammonton - - 27°6 
Elwood - - - 33° 8 
Egg Harbour - 
Brigantine Junc. 

Pleasant Ville 

Meadow Tower 

Atlantic City - 


4°15 
4°20 
4°24 
4°23 
4°33 


4°40 


4°17 
4°214 
4°25 
4°29 
4°344 
4°37. 
4°38 
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The number of cars on this 
particular occasion was six, 
containing an aggregate of 285 
passengers. The actual run- 
ning time, as will be observed, 
was 44} minutes, which gives 
an average speed of 74.4 mls. 
per hour. Several other in- 
stances (in which speeds of 
73.8, 72.4 and 72.8, have been 
recorded) are booked to the 
credit of these engines, which 
are the property of the Phila- 
delphia and Reading Railroad 
Company, between whom and 
the Pennsylvania R. R. (who, 
by the way, have styled them- 
selves “the mightiest Corpora- 
tion on earth ”) a sharp com- 
petition for the Atlantic City 
traffic exists. 

Wootten fire-boxes are fitted 
to these engines to allow of 
anthracite coal being used. 
The driver’s cab, as will be 
noticed, has had to be placed 


over the barrel of the boiler, FIG. 


in order that its occupant may 
have an unobstructed view 
ahead, which would be im- 
possible if he were stationed in the usual 
position with this pattern of fire-box. 
Telephonic communication is provided 
between the cab and the foot-plate, so 
that any instructions which the driver 
may have to give to the firemen can be 
communicated without difficulty. 

These engines are equipped with the 
Westinghouse high-speed brakes, which 
are applied at an initial pressure of 110 lbs. 
in the brake cylinders, this pressure being 
reduced automatically as the speed falls to 
60 lbs., thus securing the fastest possible 
stop when the engine is running at speeds 
of 80 to go mls. per hour. 

There are many hundreds of Vauclain 
compounds in daily use throughout the 
United States. ‘l'heir use in other coun- 
tries is restricted to the Canadian Pacific 
Railway, the few which the French State 
Railways have purchased, and those in 
Japan ; otherwise the system has no 
adherents, as far as the author is aware, 
outside the country of its origin. 
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16.—LONGITUDINAL SECTION THROUGH H. P. AND L, P. 
CYLINDERS OF VAUCLAIN, FOUR-CYLINDER, COMPOUND 
EXPRESS LOCOMOTIVE, PHILADELPHIA AND READING R.R. 


The Philadelphia and Reading engines, 
which, as will be seen, are of the Atlantic 
type—already referred to—have the fol- 
lowing leading dimensions :— 

Cylinders :— 

High-pressure ... I5ins. dia. x 24-in stroke. 

Low-pressure . 25ins. dia. x 24-in. stroke. 
Coupled wheels... 7 ft. O in. dia. 

Total wheel base ... 20 ft. 7 ins. 
Coupled wheel base 7 ft. 3 ins. 
Boiler (diameter) ... 4 ft. 10# ins. 
Number of tubes .. 375. 
Diameter of tubes .... 1} in. 
Length of tubes ... 13 ft. 7 ins. 
Fire-box (length) ... 9 ft. 6 ins. 
- (Cm .. SR, 6m. 
Heating surface - 
(fire-hox) 222°4 sq fl. | 2,540°9 
és 55 (tubes) 2318°5 sq. ft. | sq. ft. 


The tender is carried upon two four- 
wheeled trucks, and has a capacity for 
5,950 gals. of water and 8 tons of coal. 

Summarising the matter broadly, it ap- 
pears that the construction of four-cylinder 
compound locomotives is becoming more 
generally favoured by those engineers 
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FIG 17.-—-ATLANTIC TVYPF, 4 CYLINDERS, COMPOUND-EXPRESS LOCOMOTIVE, VAUCLAIN SYSTEM, 
PHILADELPHIA AND READING RAILWAYS. 


whose positions as Motive Power Superin- 
tendents of large railways bring them face 
to face with the necessity for providing 
engines of the most powerful description 
for dealing with traffic which is yearly in- 


creasing, in considerations of weight and 
speed, and, furthermore, the tendency to 
reduce the diameter of the high-pressure 
cylinders and increase that of the low- 
pressure has become somewhat marked 


during the last year or so. High steam 
pressures and large heating surface areas 
are recognised as being among the most 
essential adjuncts. to the design of a 
first-class locomotive built for modern 
requirements. The 
driving wheels of moderate diameter, 
chiefly from 6 ft. 6 ins. to 6 ft. 9 ins., 
has now become very general, although 
many of the most successful locomo- 
tives have coupled wheels 7 ft. in 
diameter. As time progresses, there 
appears to be what may be described 


employment of 


as an unwritten general understanding 
between locomotive engineers with re- 
gard to many points which were formerly 
the centres of much professional con- 
tention. This is undoubtedly having a 
gratifying influence upon the working 
results which are being obtained. 

In conclusion, the author has to ac- 
knowledge his indebtedness to Mr. F. W. 
Webb, Chief Mechanical Superintendent 
of the London and North-Western Railway, 
Messrs. Worsdell & Johnson, of the North- 
Eastern and Midland Railways respectively, 
Herr Karl Gélsdorf, of the Royal Austrian 
Imperial Railway Administration, and the 
authorities of the Baldwin Locomotive 
Works for photographs, diagrams, and 
information liberally supplied by them for 
the purposes of this article, and also to 
Messrs. the Locomotive Publishing Co., 
for permission to use others of the photo- 
graphs from which the illustrations have 
been prepared. 
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ROBABLY no other industries have 
been more prejudicially affected 
by municipal policy than those 
relating to the generation and 

application of electricity. As in many 
other departments of engineering, satis- 
factory progress was made in this country 
up to the point when Parliament inter- 
posed with ill-advised legislation. It would 
be difficult to devise a measure better cal- 
culated to take the heart out of private 
enterprise than the Electric Lighting Act 
of 1882, which conferred upon municipal 
bodies the power to purchase electric light 
undertakings at the expiration of 21 years 
from the date of the Provisional Order, 
without the slightest allowance for good- 
will and similar assets that are invariably 
reckoned in all other transactions of a 
kindred nature. ‘The result was to check 
in a most marked manner the progress of 
electrical industry in this country. Some 
improvement was certainly made after the 
passing of the Amending Act of 1888, but 
even at the present time matters are in an 
unsatisfactory condition. Municipalities 
sometimes covet the profits derivable from 
the supply of electric current, and so oppose 
the schemes formulated by private com- 
panies ; and at other times they are in- 
terested in corporation gasworks, and are 
prone to stand in the way of progress 
because they fear the competition of elec- 
tricity. Even when local authorities make 
use of powers obtained by them, the rate- 
payers are seldom to be congratulated on 
the results. ‘The returns recently issued 
by the Board of Trade show that out of 
149 electricity works owned by local 
authorities no less than 10g are being 
conducted at a loss. Advocates of muni- 
cipal ‘‘ enterprise” talk very glibly of the 
profits made, or to be made, in relief of 
the rates; but such profits are, with a 
few exceptions, purely imaginary. It is a 
striking fact that in places where a private 
company can produce asatisfactory balance- 


sheet, a corporation generally succeeds in 
making heavy losses. In proof of this 
assertion we will take one or two examples. 
In the city of Bath there was an electric 
light company which in 1896 was paying 
at the rate of 3$ per cent. Envying this 
prosperity, the corporation obtained a 
Provisional Order, and subsequently took 
over the works at a valuation which in- 
volved the payment of a price less than 
half the capital expenditure of the com- 
pany, and even then the corporation made 
losses averaging more. than £1,200 per 
annum for three years. Again, taking the 
case of Birmingham, we find that when 
the Electric Supply Company was started, 
the corporation, being the owners of 
gasworks, decided to put every possible 
obstacle in the way of the new illuminant. 
But in spite of this the company succeeded 
in making a profit of £6,000 in 1895, 
£9,000 in 1896, and £13,000 in 1897. 
The municipal authorities began to think 
that so remunerative an undertaking should 
be in their own hands. Accordingly they 
bought up the whole concern, and ever 
since have made annual losses. If space 
permitted, it would be interesting to 
enquire into the causes of disastrous losses 
such as these. Laxity of management 
and excessive consideration for the work- 
ing man and his vote have much to do 
with them, and another controlling factor 
is to be found in the sale of electric 
current at unremunerative rates. West 
Bromwich affords a flagrant example of 
this unbusinesslike policy. In_ that 
borough the charge for electricity was 
originally 6d. per B.T.U. for the first hour, 
and 2d. for each hour afterwards, but 
owing to the exercise of pressure upon the 
committee, the charges were reduced to 
44d. per unit until a certain consumption 
had been reached in each quarter, and 
thereafter, during the same term, at the 
rate of 1$¢. per unit. The effect is a 
heavy loss to the general body of the 
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ratepayers. Enough has been said to 
show the utter incompetence of municipal 
corporations to manage business concerns 
of this kind, and it is to be hoped that 
private traders and ratepayers alike will, 
at no distant date, be protected from the 
combination of greed and _ inefficiency 
which is typified by so many of our local 
government bodies. 

There is another aspect of the question 
which deserves serious consideration. 
Speaking generally, it is unavoidable that 
a local authority having an ambition to 
provide electricity should be unable to do 
more than to supply the wants of a limited 
area. Consequently, as in the notorious 
example of Manchester and Salford, there 
may be serious public inconvenience, owing 
to the jealousies which always seem to 
exist between adjoining municipalities. It 
is also the fact that the establishment of 
isolated and therefore comparatively small 
installations of generating plant, is not 
advantageous for the economical pro- 
duction of current. Small units of the 
kind might, indeed, be necessary if elec- 
tricity could only be transmitted for a few 
yards or miles; but in the present day, 
when facilities exist for long-distance trans- 
mission, there is not the slightest need for 
generating stations in every parish or 
town, and consumers would benefit greatly 
if the country were mapped out into large 
districts, each to be supplied from gene- 
rating stations included in one compre- 
hensive and skilfully designed system. 
Schemes of this kind can only be organised 
by the Imperial Government, by County 
Councils, or by large industrial corpora- 
tions. ‘The Government appears to have 
too much to do at the present time, even 
if the nationalisation of electricity were 
decided to be legitimate or desirable ; 
county councils could not be expected to 
obtain much better results than those 
shown by municipal corporations in the 
prosecution of a business requiring techni- 
cal knowledge and executive capacity, and 
we must therefore look to private enter- 
prise for the adequate electrification of 
Great Britain. We have every confidence 
that most satisfactory progress in this 
direction would be made if the inequit- 
able facilities for blocking the way were 
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now taken away from municipalities, and 
if Parliament would promptly undo all 
the silly legislation of the past. The 
South Wales Electric Power Company is 
an example of what private enterprise is 
willing and able to accomplish. The 
area to be supplied by this corporation 
is fully 1,000 square miles, and comprises 
the whole of Glamorgan and Monmouth, 
west of the river Usk, excepting only a 
few places where provisional orders are 
in force. By the utilization of cight large 
generating stations and a properly organ- 
ized system, this company will be able 
to supply the public with current far 
more economically and far more effi- 
ciently than could be expected from a 
number of separate local bodies. Yet 
it is, the fact that local bodies almost 
invariably oppose any comprehensive 
scheme of the kind, regarding the con- 
venience of the public as of no impor- 
tance as compared with their own purely 
local ambition. 

Turning now to tramways, we find the 
baleful influence of municipal “enter- 
prise” still more rampant. The Tram- 
ways Act of 1870, unfortunately, contained 
clauses affording openings for oppression 
by municipal authorities, and its effect 
was largely to check the natural develop- 
ment of the new movement. Under one 
section of the Act the local authorities 
were empowered to buy out the under- 
takings of tramway companies at the end 
of 21 years, at a bare valuation and 
without allowance for goodwill or past 
expenditure, beyond that covered by 
actually existing plant. When electric 
haulage began to be introduced, local 
authorities commenced the construction 
of tramways within their own narrow 
boundaries, and so offered obstruction 
to the development of schemes designed 
to afford means of communication for 
various districts. ‘The Act also gave to 
local authorities a formidable power of 
veto, which has been relentlessly exer- 
cised to stop the development of private 
lines, or it has been used for the purpose 
of extorting payment in some form as 
the price of consent. Heavy rents have 
been demanded for the use of roads, 
although such an imposition was never 
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contemplated by Parliament; other un- 
just demands include the widening of 
roads in excess of tramway requirements, 
the paving and maintenance of streets 
and roads beyond the limits fixed by the 
Act, the right to use tramway electric 
wire-posts and current for municipal 
lighting, and the issue of free passes for 
members of local authorities. These are 
only some of the questionable conditions 
imposed by local authorities as the price 
of consent to schemes intended for the 
benefit of the public, and the fact that 
these blackmailing tactics have been 
adopted shows how little such bodies 
are fit to be entrusted with discretionary 
power. Apart from such hindrances to 
private enterprise, the disadvantage of 
placing traffic facilities in the hands of 
municipalities is evidenced by the dis- 
putes and consequent inconveniences 
which have arisen between rival authori- 
ties, as in the well-known cases of Man- 
chester v. Salford and Edinburgh vz. 
Leith. We have only to turn to the 
magnificent work accomplished by the 
London United Tramways to see how 
one large company can successfully deal 
with the problem of road locomotion. 
The system of this company passes the 
boundaries of three County Councils 
and of some thirty district and other 
councils, and has given to the inhabi- 
tants of the metropolis a service that 
could never have been carried into effect 
by a number of separate councils, all 
suspicious and jealous of each other. 
It may be said that the admirable sys- 
tem of corporation tramways in Giasgow 
constitutes a prouf that a municipality 
may advantageously provide means of 
locomotion. We admit the excellence 
of the installation in Glasgow, but there 
is no reason why the system should not 
have been leased to a tramway company 
which would have brought substantial 
profit to the ratepayers instead of the 
present nominal profit. Of course, the 
assertion is made that a profit of some 
Z£ 12.000 per annum is earned, but if 
the department were charged with the 
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rent that would be demanded from a 
company the dead loss would be more 
than £40,000. Comparing Glasgow with 
Dublin, where the tramways are con- 
trolled by a company, we find that in 
the latter city 50 per cent. more car- 
miles are run than in Glasgow, and 
that 20 per cent. more profit is earned. 
Again, the experience of the London 
County Council is that three times as 
much profit can be obtained from a 
system of tramways leased to a company 
as is derivable from those worked by 
themselves. In these examples we have 
proof of the fact that business under- 
takings cannot be successfully worked 
by bodies formed by popular election. 
What again is the position at Birming- 
ham? The present state of the tramway 
service is admittedly. execrable. ‘True, it 
is under the control of private companies, 
but these have been debarred from the 
adoption of improvements by deliberate 
obstruction on the part of the Corporation 
and by the knowledge that no extensions 
of leases would be granted. Practically 
all the leases fall in about January, 1907, 
and the companies cannot be expected to 
discard their present plant and spena 
millions of pounds with so short a term 
for recoupment. As things stand there 
is practically a dead-lock—and the public 
suffers all the inconvenience and _ loss. 
The tramway companies are prepared to 
move with the times, but, as usual, the 
Corporation stands in the way. Even 
assuming the Birmingham tramways were 
bought by the Corporation for two or 
three millions, and a thoroughly modern 
system were installed, no sane human 
being would expect the ratepayers to see 
a real profit ; and, besides, for an efficient 
system a far larger area is required than 
is now or ever will be under the control 
of the city council. Wherever we look, 
municipal acquisitiveness and greed of 
power is seen to stand in the way of 
industrial enterprise, and it is clearly timé 
for the people to awaken to a realisation 
of the evil thing that has been allowed 
to grow up in their midst. 
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The New First-Class Twin- 
Screw Armoured Cruiser 
““Good Hope.” 

* 


HIS vessel, to which the double in- 

terest attaches, in that she is the 

first of a new and important class 

of cruisers and has had the dis- 
tinction of being selected to carry Mr. 
Chamberlain to South Africa, was built for 
the British Government by the Fairfield 
Shipbuilding and Engineering Co., Ltd., 
of Govan, to whom we are indebted for the 
following particulars and photographs from 
which the accompanying illustrations were 
reproduced. 

The name originally chosen was the 
Africa, but some time after placing the 
order it was changed by the officials of 
the Admiralty as a compliment to the 
people of Cape Colony, this magnificent 
and powerful cruiser being the gift of the 
Colonists to the British Navy. It is the 
first of the type known as the Drake class, 
of which there are four, viz., the Drake, 
Good Hope, King Alfred, and Leviathan. 
The Drake was launched from Pembroke 
Dockyard on 5th March last, and the 
other two were built at Barrow and 
Clydebank respectively. They are of 
similar dimensions to H.M.S. Powerful 
and Zerrib/e, but differ from that class in 
certain important respects, notably in 
having an armoured citadel for protection, 
and an increased armament ; they are not 
sheathed, and have no poop deck. The 
principal dimensions are: 500 ft. in length 
‘between perpendiculars, and 71 ft. in 
breadth, with a displacement of 14,100 
tons. The armoured and protected sides 
extend from the stem for a distance of 
400 ft. enclosed aft by an armoured bulk- 
head. The 2-in. protective armour at the 
bow is of nickel steel, and extends 


from the lower to the upper deck, 
affording cover to the men at the 12- 
pounder guns on the main deck for- 
ward. ‘The thicker armour is all of spe- 
cially hardened steel. There are two 
armour decks—the lower and the main, 
the main being thicker in the way of the 
citadel, and forming its crown ; the lower 
deck has sloping sides which meet the 
bottom of the armour belt below water. 
Aft of the citadel the lower deck forms 
the protection over the steering arrange- 
ments, and is of 2} in. steel. In addition, 
the coal bunkers areso disposed as to give 
protection to the machinery. The arma- 
ment of this cruiser consists of two 9*2 
breech-loading guns, fitted in 6 in. ar- 
moured barbettes (one forward and one 
aft); these are served through armoured 
trunks from the magazines and shell rooms 
by means of hydraulic power, as well as by 
hand. There are sixteen 6-in. quick-firing 
guns (four more than in the /Powerfud), 
all placed in casemates of 5-in. armour, 
the rear walls being 2 ins. thick. Of the 
smaller quick-firing guns there are twelve 
12-pounders distributed over the upper 
decks ; while forward and aft on the main 
deck there are two 12-pounder boat or field 
guns, three 3-pounders, and nine maxims. 
There are also two under-water 18-in. tor- 
pedotubes. At the fore end of the vessel is 
a conning tower of 12-in. armour, with 
armoured communicating tube to protect 
the gear for controlling operations through- 
out the ship. There are two navigating 
bridges, one forward and one aft. The 
complement of the crew is goo officers 
and men, for which the most ample accom- 
modation has been provided. The furnish- 
ings and fittings are of wood, so treated 
as to make it non-inflammable. An elec- 
tric installation is arranged for thoroughly 
lighting the vessel, also six powerful 
searchlights—four on the bridges, and one 
on each mast on an elevated platform. 
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The propelling machinery consists of 


two sets of triple expansion engines, © 


in two watertight compartments, each 
set having four inverted cylinders work- 
ing on four cranks; each high-pressure 
cylinder is 434 inches, each intermediate 
71 inches, and each low-pressure 814 
inches diameter, all adapted for a stroke 
of 4 feet. The high and intermediate 
pressure cylinders are each fitted with 
a piston valve, and each low-pressure 
cylinder with a triple-ported slide valve 
with a relieving ring at the back, all the 
valves being worked by the usual double 
eccentric and link motion gear. Reversing 
is effected by means of double cylinder 
steam engines with gear of the all-round 
type, hand gear also being fitted. The 
crank, thrust, and propeller shafting is of 
forged steel, and hollow. Each of the pro- 


pellers has a boss of gun-metal fitted with 
three adjustable blades of Stone’s bronze. 
The main condensers are placed at the 
back of the engines, and are made of cast 
brass of oval form and fitted with brass 
tubes ; the condensing water is supplied by 
four centrifugal pumps of gun-metal, each 


fitted with an independent engine. The 
feed, bilge, and hotwell engines are all inde- 
pendent and separate from the main en- 
gines, steam for these and all other auxili- 
ary machinery being supplied by a special 
range of steam pipes. The auxiliary ex- 
haust steam is arranged to discharge to the 
auxiliary condensers, the atmosphere, and 
the low-pressure receivers, and can also 
be used for working the evaporators. 
There are two auxiliary condensers, each 
fitted with a circulating pump and a 
small air pump. List & Munn’s patent 
feed-water filters are fitted to prevent any 
impurities reaching the boilers. The 
vessel is also fitted with the usual auxili- 
ary machinery, viz. : a complete distilling 
plant to supply fresh water to the boilers, 
and also for drinking purposes; three 
sets of engines and dynamos for pro- 
ducing the necessary current for electric 
lighting; two double cylinder direct act- 
ing engines with the necessary gear for 
steering purposes ; two complete sets of 
air compressing engines and pumps, with 
the necessary air reservoirs and columns 
for charging torpedoes ; and one ice- 
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making machine of the cold air type, 
including an ice forming chamber, and a 
pump for circulating water in the air cooler. 
Steam is supplied by an installation of 43 
water-tube boilers and economisers, all of 
the latest Belleville type. The boilers are 
arranged in four groups, each group fitted 
in a watertight compartment ; they are 
designed to work at a pressure of 3c0 lbs. 
Air pumping engines are fitted in each 
boiler room to supply air to the furnaces 
and combustion chambers ; the necessary 
air for the stokehold ventilation being 
supplied by large fans. Fans are also 
fitted for the engine room and ship venti- 
lation. 

The vessel on trial developed 31,000 
indicated horse power and attained a speed 
of fully 23 knots. 
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Thirty-ton Steel Bogie 
Wagons for the Caledonian 


Railway Co. 
a 


OR some time the Caledonian Rail- 
way, in common with many other 
British railways, have been giving 
attention to the loading of their 

freight trains; and in connection there- 
with recently divided an order for 
50 bogie-wagons, each of a carrying 
capacity of 30 tons, between British 
and American builders (See Frontispiece ). 
To the Leeds Forge Co., Ltd., was 
given the order for 30 of these wagons, 
whilst the remaining 20 were to be con- 
structed by the American Steel Car & 
loundry Co, of St. Louis. Despite a 
large Government order for 2,100 under- 
trucks, and 150 complete wagons for the 
Imperial Military Railways (Transvaal 
Colony), the Leeds firm were able to 
effect delivery of their wagons a consider- 
able time in advance of the American 
firm, who exceeded the specified date of 
delivery. ‘The wagons were intended for 
the conveyance of locomotive coal, but 
are now, we learn, also being utilised for 
general merchandise traffic. ‘They are 
37 ft. 10 ins. over buffers, $ ft. 6 ins. wide 
over all, and 8 ft. 2 ins. high from the rail, 
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the inside dimensions being 35 ft. by 8 ft. 
by 4 ft. 4 ins. The net capacity is 1,208 
cub. fi., and the tare weight 12 tons 16 
cwts. The wagons are fitted with the 
Westinghouse quick-acting air- brake, in 
addition to a powerful hand-screw brake 
acting on all wheels, and which can be 
applied or released ‘from either sides of 
the wagons. The under-frames and bogies 
are constructed throughout of Fox’s patent 
compressed steel frame plates; and al- 
though the wagon is so low in tare weight 
this has not been obtained at the expense 
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tte-kagies } in., whilst when the load was 
removed theme was absolutely no set or 
injury to any part The wagons con- 
structed by the Leeds Fuge, Company 
are not like a number of other wagons 
(principally of American construction) 
built without under-frames and depending 
on the sides of the wagons to support the 
load, as it is considered that the sides 
have quite enough to do to retain the 
load laterally without taking the buffing, 
loading and other strains. The under- 
frames of these wagons have only about 


ia 4 SPARE « SOLAS 


STEEL WAGONS FOR THE CALEDONIAN RLY. 5 


of strength and efficiency, but by careful 
design and calculation the material is 


distributed to its very best advantage. 
The under-frames and bogies were some 
time ago submitted to several severe tests. 
The vehicle was loaded with go tons of 
steel plates, 83 of which were distributed 
over the whole length of the wagons, the 
remaining seven tons being placed in the 
centre. Under this load—which is three 
times the working load—the under-frame 
showed the slight deflection of { in., and 
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PHOTO SHOWING LOADING OF THE UNDER FRAMES. 


one-quarter the number of pieces that are 
comprised in a frame built up of rolled 
sections, consequently there are very few 
joints and rivets, and the cost of up-keep 
is thus obviously lessened. 

The Leeds Forge Company have also 
designed a 45-ton wagon, of the same 
dimensions as these for the Caledonian 
Railway, but with the sides raised to ro ft. 
high from rails. These wagons tare about 
144 tons, and show a saving in train length 
and siding accommodation of over 60 per 
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cent., and in tare weight of about 50 per 
cent. when compared with the four-wheeled 
8- or 10-ton wagons now so generally used, 
whilst it should also be remembered that 
the saving in tare weight is effected in the 
double journey. There is at present a 
very large “field” for this class of wagon 
(and with but little alteration to terminal 
plant), in the conveyance of locomotive 
coal to the various large works where con- 
siderable quantities of fuel are regularly 
consumed. There are practically no diffi- 
culties in the weighing, as one end of these 
wagons can be weighed at a time over an 
ordinary railway weighing machine which 
will register up to 30 tons. The visits of 
English railway officials to America have 
recently drawn attention to the advisability 
of the adoption of “high-capacity” wagons. 
But the construction of this class of rolling 
stock has for several years been a leading 
feature with the Leeds Forge Company, 
and it is a singular fact, that the original 
designs and machinery were sent from 
Leeds for making the first pressed steel 
cars in the United States. 
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New Locomotive for the 
Llanelly and Mynydd 
Mawr Railway. 

. 


HE Llanelly and Mynydd Mawr 

Railway (of which Messrs. John 

Waddell & Sons, the well-known 

coal-owners, are the lessees), whose 
line runs from Lilanelly to numerous 
anthracite collieries in the neighbourhood, 
have lately added to their rolling stock a 
powerful new tank locomotive built by the 
Avonside Engine Co., of Bristol. This 
engine, which has been designed to work 
the heavy mineral traffic of the line in the 
most economical manner, is illustrated 
below. For hauling heavy trains up 
the bank, the Company formerly used two 
engines working together, one having 
cylinders 14 ins. diameter and the other 
16-in. cylinders. The new engine, how- 
ever, 1s capable of hauling a similar load 
without assistance. Owing to the line 
being in such mountainous country, the 
conditions are not of the most favourable 
for locomotives, and to obtain the best 


‘results the engine has been made with a 
short wheel-base and “ Cortazzi” travers- 
ing axle-boxes, fitted to the leading axle. 


TANK LOCOMOTIVE CONSTRUCTED FOR THE LLANELLY AND MYNYDD MAWR RAILWAY 


BY THE AVONSIDE ENGINE CO., BRISTOL. 








S 


“\ 


~ 


“SS 


W 


\N 


x 
N 





927 


\\ 
NS 


N 
N 
Ny 
N 





4A 














FEILDEN’S MAGAZINE. 


emesis 
y 


WG 


% 


34 
Y 
4 


N 


. 


IMM 
NG 
SS 

VY; 

WS 


SS 


“ie Ot 


“a 
Ui 
~WHy 
XN 


We 
































ants ll 
be ae aol 


























1297 


O 

















35 


DETAILS OF THE CORTAZZI AXLE-BOX, AS FITTED TO THE TANK LOCOMOTIVE. 


The “Cortazzi” axle-box is essentially a 
transverse motion, the top casting (with 
the ;hole for the spring pillar in it) is held 
in position sideways in the axle-box guides, 
though*free to move up or down, whilst 
the axle-box proper is allowed a lateral 
movement of #-in. each side of the centre, 
sliding on the inclined plane of the top 
casting—the axle-box guides being made 
with 14-in. play sideways, as shown in the 
drawing. The object of the inclined 
planes is to bring the. axle-boxes back to 
their central positions when off the curves. 
The coupling-rods have a horizontal as 
well as a vertical joint, and the leading 
crank pins and brasses are of the ball and 
socket type, which allows for the movement 
of the leading wheels. The makers inform 
us that they have found this type of axle- 
box very satisfactory, as locomotives built in 
1876, and fitted in this manner, after work- 
ing continuously did not show any appreci- 
able signs of wear in the sliding parts. 
The line is 13 miles long, having a 


ruling gradient of 1 in 40, with con- 
tinuous curves of four and five chains ; 
and in five miles there is a rise of 500 ft., 
up which the new engine regularly takes 
a train of 36 vehicles, weighing 207 tons. 
The engine has the most modern fittings 
and mountings, and is fitted with steam 
and hand brakes acting on all the wheels. 
The following are the leading dimensions 
and particulars :— 
Gauge of railway ... ie 4 ft. 84 ins. 
Cylinders, diameter ... obs I ft. 5 ins. 
“ stroke... es 2 ft. O ins. 
Wheels, diameter “ee 4 ft. o ins. 
Tyres, thickness... ned 3 ins. 
Wheel-base, fixed ... ods 6 ft. oO ins. 
~ total ... on 12 ft. O ins. 
Heating surface (net), tubes 853 sq. ft. 
” », fire-box 88 sq. ft. 
Total (net) 941 sq. ft. 
Grate area ‘i --. 16°5 sq. ft. 
Working pressure... ... 160 lbs. 
Tractive force (at 70% cut-oft) 18,400 Ibs. 
Tank capacity goo gals. 
Bunker _,, 25 cwt. 
Weight, empty - 35 tons. 
a WE aaa ae .. 434 tons. 
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Manchester Municipal 
Technical School. 


(Continued from page 449.) 
# 


ANCHESTER being the commercial 

centre of the cotton industry, it is 

perhaps only natural that the 

courses of instruction and the 
plant designed to impart a knowledge of 
the theory and practice of spinning and 
weaving are of the most elaborate char- 
acter, and the space set aside for the class 
rooms, laboratories, and machinery is com- 
ménsurate with the importance of this 
industry. 

The school contains a complete piant 
for mixing, opening, carding, combing, 
spinning, doubling, gassing, reeling, and 
bundling cotton yarns ; for the spinning 
of waste cotton; for the preparation of 
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cotton and mixed yarns for the loom ; 
and for the manufacture of cotton and 
mixed goods by hand and power ; for silk 
reeling, throwing, preparing, and manu- 
facturing by hand and power ; and, finally 
for the chemical, microscopical, and mech- 
anical testing of fibres, yarns, and fabrics. 
Whenever required, an installation for 
humidifying is provided 

The department allocated to municipal 
and sanitary engineering is also of an ex- 
tremely interesting character, especially in 
the provisions that have been made for 
the practical side of the instruction given. 

The equipment consists of a com- 
modious drawing-office and lecture-room, 
well equipped with modern appliances, 
and a well-arranged workshop, containing 
benches for 132 students. Each bench is 
fitted with gas furnaces, oxy-hydrogen 
apparatus, and all tools necessary for 


THE TOOL-KOOM IS SEEN TO THE LEFT, 
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carrying out the practical work of the 
department. A great number of examples 
of completed work are exhibited, and 
samples of materials used for various 
purposes are also shown. A portion of 
the workshop is set apart for appliances 
used in connection with house drainage, 
and provision is made for laying and test- 
ing the efficiency of drains, traps, and 
flush tanks, of various kinds, used for 
drainage purposes. 

For the purpose of instruction in sewer- 
age work, arrangements are made by which 
students can lay short lengths of sewers of 
various shaped sections and of different 
materials, and can exhibit the use of suit- 
able timber-supports for the sides of the 
trenches in various kinds of ground. 


Appliances for raising sewage from low 
to high levels are fixed and at work. The 
arrangements used for flushing sewers, and 
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other details of construction, are shown by 
special apparatus in working order. 

Models and apparatus have been pro- 
vided for illustrating the methods adopted 
for the purification of sewage and the 
treatment of manufacturers’ waste, and 
facilities exist for thoroughly testing the 
suitability of the various cements, the 
efficiency of traps, and flushing cisterns, 
etc. 

A stock of pipes and special castings 
has been obtained from the corporation 
for the purpose of enabling students to 
deal with the distribution of water. 

A large number of appliances are pro- 
vided for the purpose of enabling the 
student to deal in a practical way with 
the ventilation and heating of buildings. 
When complete, the department will con- 
tain a series of boilers and pipes arranged 
so as to illustrate the heating of buildings 


THE INORGANIC CHEMISTRY LABORATORY. 
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MANCHESTER TECHNICAL SCHOOLS: A VIEW IN ONE OF THE TEXTILE DEPARTMENTS 


by hot water or by steam, under high or 
low pressure. The workshop is so arranged 
as to allow the pipes to be fixed and tested 
by the students as in actual practice, a 
complete set of modern tools required for 
this class of work being provided. 

An elaborate set of full-sized working 
examples is in course of construction to 
illustrate the most approved methods of 
supplying hot water for domestic and 
other purposes. When complete, the 
student will: be able to compare the latest 
English and American practice in this 
class of work, and to carry out valuable 
tests and experiments relating to water 
circulation, domestic boilers, the preven- 
tion of explosions and other accidents in 
connection with this class of work. 

A large collection of material used in 
the making of roads and streets is being 
made, and special facilities provided for 
examining and testing the character and 


properties of materials best suited for 


certain work. Sections of various forms 
of roads and streets are being prepared 
with material used in actual practice. 
Mention must also be made of the 
important department of general technical 
chemistry, which includes bleaching, dye- 
ing, and printing, paper-making, metal- 
lurgy, and brewing. The equipment of 
this department includes several lecture- 
rooms and lecture-preparation rooms, the 
chemical theatre providing accommoda- 
tion for 150 students. The laboratories 
are supplied with water, gas, electric 
power, steam, hydrogen sulphide, vacuum 
and compressed air, and are replete with 
apparatus of the most up-to-date descrip- 
tion. Besides the main inorganic labora- 
tory, which has an area of 3,g00 sq. ft., 
with bench accommodation for 80 students, 
there are organic laboratories, an auxiliary 
laboratory for organic work of special 
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kinds, a combustion room, gas analysis 
and water analysis rooms, a_ physical 
chemistry laboratory, with an area of 
1,230 sq. ft.; brewing, elementary and 
advanced metallurgical and dyeing labo- 
ratories, with which latter is connected 
a pattern room and a laboratory for the 
analytical and other chemical work relat- 
ing to dyeing. 

Special arrangements are made, in a 
suitably-designed building erected con- 
tiguous to the school, for practical instruc- 
tion in bleaching, dyeing, printing, and 
finishing textiles, and for paper-making. 
The building occupies an area of upwards 
of 1,200 sq. yds., and is mainly of one 
floor, provision, however, being made 
along its south-east side for an additional 
storey for a testing laboratory for paper, a 
lecture room, a dark room, and for a 
micro-photographic laboratory. This build- 
ing is equipped with machines of special 
design and construction, with a view to 
experimental operations and research on 
an industrial scale. 

A feature of unique interest is the estab- 
lishment of a department for courses of 
instruction in the photographic and _print- 
ing crafts, the equipment of which com- 
prises letterpress composing and machine 
rooms, lithographic printing room, etching 
room, electrotyping room, photographic 
studio and dark rooms, laboratory, litho- 
graphic drawing and design studio, and 
bindery ; each with a complete equipment 
of special appliances and machinery for 
the effective practical treatment of the 
subject taught. 

In concluding this brief review of the 
equipment of the school, some mention 
may be made as to the objects the com- 
mittee have in view in the establishment 
and equipment of so magnificent an insti- 
tution, and. this cannot be better done 
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than by quoting from the introduction to 
the official syllabus :— 


‘**The object of the School of Technology, as 
its title denotes, is to provide instruction and 
training in the principles of science in their appli- 
cation to the Industrial Arts, with a view to a 
right understanding of the foundations upon which 
these arts rest, and to promote their efficient 
development. The successful career of a student 
ison very largely upon his previous general 
education—unless this is thorough and liberal, no 
satisfactory progress can be attained in any of the 
departments of the School. 

*‘*The power of clear linguistic expression, and 
mastery of mathematics, physics, and descriptive 
geometry are vital to a successful study of the 
applied Sciences. 

‘* Mere interest in experiment, or in machinery in 
motion, or even evidence of manual skill and 
dexterity, without a firm grasp of the above- 
named fundamenal subjects, are of small avail if 
the purpose of the student be to attack serious 
problems in engineering, physics or chemistry, 
and to fit himself for positions of industrial 
responsibility. . . . . : 

‘* The essential aim of the instruction is the train- 
ing of faculty through a systematic course of sound 
theoretical study, and the development of resource- 
fulness and habits of self-reliance by means of an 
exact, thorough, and progressive course of labora- 
tory and shop work. on 

‘**Tt cannot, however, be too strongly urged 
that the ultimate usefulness and success of these 
institutions rest entirely upon the complete organi- 
sation of a sound system of secondary education, 
without which no adequate scientific, technical, 
and artistic training, especially for the leaders of 
our industries, is possible. It is gratifying to 
observe that the nation is at last persuaded that 
the organisation of efficient secondary education is 
a matter of serious and urgent concern, calling 
for immediate legislative measures, and that it 
is recognising with increasing conviction that 
successful industrial and commercial competition, 
and a high standard of manufacturing production, 
depend much more upon the adequate training of 
the leaders and managers of our industries and 
commerce than upon that of the workmen, whose 
efficient education and training for their respective 
occupations, according to their means and 
opportunities, must nevertheless receive the 
most careful provision and the most earnest 
encouragement.” 
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Practical suggestions for this section are invited, which, if accepted, will be suitably paid for. Wherever 


possible, drawings should accompany the contribution; rough sketches will suffice. 


Nothing will be too 


poor for a careful inspection. See important announcement in advertisement pages. 
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The Running of Plant 
in Central Stations. 

THE order of running the plant in 
electric-light stations to meet the varying 
demands made upon it varies little 
day by day. After some experiences 
of the load hav2 been accumulated, it 
can be predicted within well defined 
limits. Then the routine order of run- 
ning the plant is established once for all, 


and only departed from under exceptional 


circumstances. The result is that the 
men are always prepared for the next 
orders from the engineer in-charge, and so 
make timely preliminary preparations. 
While, if by chance they are taken by 
surprise, all hands come to the rescue, 
and get another set to work in less time 
than one is accustomed to give them 
credit for. The engineers, after having 
plotted a number of curves for the winter 
and summer loads, get familiar with their 
general characteristics. To a study of 
these is due their power of foretelling, with 
more or less confidence, how the load is 
going to vary. It is instructive to mark 
on such curves, when the different sets 
were put on and taken off the- load. 
This shows clearly whether the changes 
were made to the best advantage or not. 
When the load is varying rapidly the 
changes may be made with advantage 
before the due time for them arrives. 
The changes made in the running of the 
plant corresponding to the different loads, 
for a particular central station, are shown 
in the accompanying figure. Engineers 


may find it expedient to make a similar 
one for their own plant. The figures on 
the column represent the load in ampéres. 
The plant consists of the following six 
engines, driving alternators which generate 
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the current given at 2,000 volts: three 
engines of 280 h.p., output 65 amps. ; 
No. 4, one engine of 120 h.p., output 
35 amps.; No. 5, one engine 400 h.p., 
output 85 amps.; No. 6, one engine of 
400 h.p., output 85 amps. The first three 
sets are similar, and are usually put on and 
taken off the load in the same order. 
No. 4 is a light day-load set. Rarely in 
the afternoons, when the load exceeds 
35 amps., it is changed over on to one of 
the first three engines ; in the winter after- 
noon, to No. 6 setinstead. This carries the 
load up to 85 amps., when one of the three 
is synchronised with it and left on the load, 
and so onas shown. The maximum load 
yet reached is 340 amps. Above this is 
shown an imaginary spare set. In the 
central station in question at the maxi- 
mum load all are running except No. 4 
set. Hence the stand-by plant is small, 
but this will soon be remedied by ex- 
tensions in progress. With this difficulty 
in view one of the No. 1 set is put on 
last and taken off first in order that it 
may be available as a stand-by set. At 
night No. 6 set is kept running until 
12.15 a.m., when the load falls rapidly to 
say 35 amperes. V. R. 
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Helping the Motor. 

On changing over an engineering shop 
from belt to electric driving (each line 
shaft being provided with a motor) it was 
found that one of them was of insufficient 
power, but apparentiyran all right providing 
that a rope-driven travelling crane was 
started before the other machines and 
kept continually running. This, however, 
was inconvenient, as the crane was Only 
required occasionally and for short periods. 
With a little thought the difficulty was 
overcome by placing a heavy fly-wheel by 
the side of the crane driving-wheel. This 
materially assisted in steadying the am- 
perage taken by the motor when driving 
the other machines (principally planers) 
which were liable to give trouble if all 
were cutting at the same time. 

. ¢. 

[We assume the fly-wheel to be inde- 

pendent of the crane. Ep.] 
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Re Temporary Repair to Dynamo. 

[THE article which appeared under this 
heading in the October issue has called 
forth some comment from other contri- 
butors as to its practicability ; we therefore 
insert the criticisms and queries referring 
to the above, at the same time disclaiming 
the slightest intention of encouraging con- 
troversy on the subject.—Eb. | 


“ By doing away with one-half of the 
winding, we should lower the e.m.f. of 
the machine. by reducing the number of 
ampére turns.” The above is a very 
common error of opinion ; possibly your 
correspondent has not expressed himself 
quite clearly, but any reader might be 
excused for assumng that the ampére 
turns were reduced by one-half. Such is 
not the case, however, and although the 
full magnetic flux certainly depends on 
the ampére turns, it can easily be shown 
that theoretically this has not been 
altered by halving the number of turns, 
because by doing this the ohmic resistance 
of the shunt circuit is halved, and in con- 
sequence the ampéres doubled with the 
same e.m.f. Hence we have twice the 
ampéres and half the turns, which gives. 
the same magnetic flux as before. I said 
theoretically, because in practice the heat- 
ing of the coils would increase their 
resistance ; and this would account for the 
increased speed of the machine mentioned. 

A. E. B. 


I was surprised at the suggested remedy 
for “temporary repair to a dynamo,” 
because it is a well-known fact that by 
cutting out one coil of a two-pole machine- 
the ampére turns remain practically the 
same. One would be led to think from. 
the article that the speed would be nearly 
doubled. This is not so; probably about 
10 per cent. above speed with two coils, 
and this increase would be solely due to. 
extra heating of coil, thereby adding to. 
resistance. Further, the rise in tempera- 
ture has been entirely overlooked, as in 
modern machines 60° F. is the usual 
allowance for coils. Assuming this to be- 
a fair average, we should have the one coil 
reaching 240°, which would have an ex- 
ceedingly injurious effect. 


D. G.. T, 




















Workshop Practice. 


I should like to supplement the remarks 
on this subject, in order to make the sug- 
gestion more applicable. It is stated that 
“the winding had broken in one of the 
field coils.” In this case it would be best 
to unwind a few turns, as the fault may be 
found at the joint of the short length of 
flexible wire used for connecting the field 
coils. Again, except the coil has been 
lately wound, it is never advisable to repair 
a fault and replace the same wire again, 
as implied by the writer, as the cotton 
covering gets “set” in a certain position. 
In many cases it is scorched or partially 
carbonised by the heating of the coil. 
Still, the insulation would remain good, 
and tends to increase; but when the 
position of the wires is altered in any way, 
the brittle covering cracks, and is now 
anything but pliable. Faults soon develop 
if it is used again. This applies to all 
cotton-covered wires ; and this difficulty is 
met when replacing coils in old armatures. 
If the covering on the coils is found to be 
brittle, it is best to have the armature 
re-wound. A better plan would be to 
unwind the coil as far as the fault, and test 
the insulation of the remainder. If this 
be good, replace the wire removed with 
new wire. Cotton-tape should not be used 
for insulating such a joint, but preferably 
cotton covering removed from other wire, 
as this makes the joint uniform in both 
appearance and thickness. This may be 
a hint to wiremen generally. 


ae) 


Trueing Valve Seats. 

The illustration shows in positionasimple 
and easily-made tool for trueing valve-seats 
in position. The spindle S is made ot 
hard wood, with a hole cut through for 
cutter and key. A cutter can be easily 
made from an old file. ‘The valve cover 
can be put on to steady and keep the 
cutter central. An ordinary handle may 
be used, or if a hole be put through at 4 
a piece of round iron will do. 

ALEX. BLENKINSOP. 
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Repairing Cracked Circular Saws. 
Accidents to large circular saws arise 
from various causes, such as striking nails, 








543 


too hard a temper of the blade, teeth 
unsuited to the work being done, &Xc. 
For instance, teeth with angular gullets 
are more likely to crack at the roots than 
those with rounded ones, and also, if the 
gullets are not large and deep enough to 
allow of the sawdust escaping readily, 
they would have a greater tendency to 
fracture. Instead of discarding a valuable 
saw, or cutting it down, it may be effec- 
tively repaired in the following manner :— 


i 
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Supposing the crack to be a short one— 
for instance, two or three inches in saws 
of large. diameter—it may generally be 
stopped from extending by drilling a small 
hole at the extreme end of the crack (see 
A on sketch). For doing this a drill of 
the hardest possible temper should be 
used. I have found Mushet’s special 
steel suitable for this. The drill should 


be run very slowly, and be well lubricated. 
It is advisable that the hole should be 











REPAIRING CIRCULAR SAWS. 


slightly countersunk .on each side. A 
hole of about }-in. diameter will, as a rule, 
be suitable for saws up to 3 ft. diameter; 
above this diameter a hole #-in. should be 
drilled. If a saw is badly fractured and 
it is too deep to be safely drilled, an 
incision should be made in the plate (as 
at B on sketch), which should be counter- 
sunk on each side; fit a piece of steel 
across fracture and rivet carefully, so as to 
fill every portion of the opening and 
countersunk spaces. For deep fractures, 
two yokes should be inserted ; put a soft 
plug in countersunk hole (shown at 4), 
grind and finish, level and smooth with 
the saw plate. Great care must be 
taken when riveting to avoid “buckle” ; 
further, plenty of “set” should be given 
on a saw thus treated to prevent the 
timber “binding.” It does not pay to fit 
yokes into small saws. 
M. O. BALE. 


a) 


A Marine Repair. 


Marine breakdowns and repairs on 
shipboard frequently present difficulties 
almost unknown to the artizan in the 
workshop, owing to the confined spaces 
and the conditions under which the jobs 
are done. An illustrative case is trueing 
up the trunnions of an oscillating cylinder 
whilst in position, and which was done as 
follows. A circular casting was made 
with a recess bored out to fit over the 
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flange of the trunnion, the 
casting also having a bracket 
cast on to carry the slide-rest 
of a lathe. The casting was 
keyed on one end of a short 
length of shaft, on which was 
also keyed a worm wheel, the 
projecting part of the shaft 
forming a bearing being sup- 
ported in a pedestal bolted to 
an angle plate fixed on the 
bulk-head. The shaft A was 
driven by the worm as shown, 
the worm shaft B by a strap 
driving from the donkey-engine 
to a pulley P on shaft B; the 
cut and feed of the tool in the 
slide-rest being regulated by hand. The 
operation gave a very satisfactory job, 
and it has the merit of being original, 
to suit the emergency. W. PENTLAND. 


o> 


Correcting Tracings. 


’Tis said that men who never make 
a mistake never make anything worth 
making. The mistakes made by junior 
draughtsmen and tracers are many, and 
this statement is amply testified by the 
numerous hideous tracings which one 
meets with in certain engineering works, 
and the filing cases of some drawing 
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Workshop Practice. 


offices, and a blue print made from a care- 
lessly corrected tracing is indeed a sorry 
sight. The following method if adopted 
gives most satisfactory results. If the 
offending part be small, it may be re- 
moved by the judicious application of a 
good ink eraser, and the cloth brought to 
its original condition, by rubbing over 
with a block of French chalk, polishing 
with a piece of blotting paper over the 
thumb-nail or other hard substance, the 
final operation being accomplished by 
burnishing with a cow’s tooth. 

If the part be large, the above process 
is long and tedious, but the following 
method brings about the desired result 
very effectively. The work to be removed 
is carefully gone over with a sable brush 
(No. 5 or 6), a little at a time, with plenty 
of water, the superfluous amount being 
removed with blotting paper; this takes 
out the Indian ink, and the part. after 
being allowed to dry is polished as before 
with French chalk, blotting-paper, and 
finished with the cow’s tooth. In this 


manner the cloth is brought back to its 


original condition and may be inked over 
without fear. H. H. BrouGuTon. 


ee) 


Threading Tools. 


At Figs. 1 and 2 are shown side 
and end elevations of internal and 
external threading tools, a distinct de- 
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parture from the ordinary type of chasers. 
The former consists of four parts, viz., 
two clamping-pieces shown in section, 
the cutter-holder A made with parallel 
shank collar and screwed end to receive 
cutting disc D. The clamp C should 
be made of mild steel, milled all over, 
the recess in each piece to be about 
jz in. less than a semi-circle in order to 
grip the shank of the holder. The 
holder 4 may be also of mild steel and 
provided with a fine thread at the end 
carrying the cutter. The cutting discs 
must be made of best tool steel with a 
sharp, clear cut external thread of the 
required pitch ; two holes o o provide for 
the use of a peg-key in fixing or removing 
the cutter. The cutting edges on the 
discs are formed by milling across the 
periphery as shown at £Z £, one of the 
edges forming a full thread, the other 
backed off to a taper, the former for use 
in cutting threads to a shoulder, the 
latter where the opening to be threaded 
passes through the metal, as in the case 
of pipe flanges, check nuts, etc. Careful 
hardening is very necessary in the case of 
the cutters, to prevent distortion of the 
internal thread, the heating being done 
preferably in a gas furnace or jet, and the 
tempering in a lead bath. This tool will 
be found far more efficient than the 
ordinary chaser, as the circular form pre- 
sents a much longer life with absolute 
correctness throughout. The external 
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SIDE TOOL-BOX,. 


tool, Fig. 2, consists of a holder A carry- 
ing a stud .S, the collar C of which is 
provided with teeth to form a ratchet 
wheel, a pawl P on the side of the holder 
engages with C and prevents the stud 


from turning whilst in work. The holder 
is first made as a solid forging, bored and 
faced to receive the stud, then drilled and 
tapped for set screw 7. A saw cut A 
running into the bore allows the stud to 
be tightened in any desired position, and 
is further secured by the pawl and ratchet 
wheel. A left-hand fine thread on the 
end of the stud prevents the turning of 
the disc cutter, the form of which and 
method of grinding being precisely similar 
to the preceding one for internal threads. 
Since the use of these particular tools we 
have got through the work more quickly 
and with much better results. 
SETH FORTUNE. 
ve) 


Side Tool-box on Planer Upright. 
Having a large planing machine with 
two tool-boxes on cross slide, and largely 


used for planing the feet and steam chests 
of large steam-engine cylinders, we decided 
to add a tool-box to the upright, to enable 
us to plane both feet, steam-chest, and 
valve face all at one setting. Thesketches 
show the appliance fixed, also method of 
obtaining feed, motion, etc., which was 
done without any alterations to the existing 
arrangement. It has been in constant 
use about five years, and has repaid for its 
original cost many times over. It is a very 
substantial affair, and when in use the 
ordinary cross saddle of the planer is 
raised to the top of the housings out of 
the way. 

It consists of a main slide 4 held 
securely to the upright by the counter- 
sunk “cheese headed” set-screws S; 
upon this slide is mounted a swivel tool- 
box, somewhat after the ordinary style. A 
small bracket B is bolted to the main 
slide A at the bottom corner as shown: 
this bracket carries the short cross shaft, 
which carries a mitre wheel on the inside 
end gearing, with a similar wheel on the 
bottom of the vertical feed screw, as shown. 
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On the outer end of the shaft is the spur 
wheel C, and also the lever H and pawl 
G which actuates it. The lever obtains 
its motion from the shaft Z in the first 
instance: this is an existing oscillating 
shaft used to give feed motion to the tool- 
boxes on the ordinary cross slide through 
the lever # and upright rod /, which 
has a vertical movement regulated in the 
slot. Dis a new lever keyed on to £, 
which gives the requisite feed motion 
through A, a lever which couples D and 
H together. Both the latter levers have 
slotted ends as shown, which allows a 
movement of X and regulates the feed to 
suit the requirements. When the tool is 
cutting a strong spring is placed between 
the slide and the tool which forces the 
tool-box back into position directly it gets 
over the edge of the metal on the return 
stroke. J. GREEN. 
> 
A Simple Method of 
Checking Calculations. 

The manipulation of figures at all times 
presents a certain amount of fascination, 
but the following examples illustrate a 
system of checking which may prove 
useful to many of our readers who may 
be engaged in calculations involving the 
use of addition or multiplication of deci- 
mals or whole numbers. The method 
employed in finding the key for addition 
may be readily understood and extended 
ad infinitum, and although the peculiari- 
ties of the figure 9 are generally known 
they may be further enhanced by reference 
to its present application. 

ADDITION OF WHOLE NUMBERS. 

No. 1. 

asaico (Mute = 17, chi 

87,600 | ro = 28, o | 

576,200 ” = 
79,008 \ 


1,694,908 


Answer added = 37 
No. 

24 

20 

15 


17 


76 = 


7,634 
8,519 
1,040 
9,200 
1,145 


NNN NWN 


35,417 ‘ = 9. Key No. 


835 ‘22 


Ne CN Wy 


4,181°97 = 30 = 3. 21 = g. Key No. 

ADDITION OF MIXED NUMBERS. 
78°542 = 26 8 
31°416 = 15 6 
31131 16 = 7 


43726 = 25 = 7 


185°518 82 28 
8+2= 10. 2+8 = 10. 
Answer added = 28 2+8 = 10. 

Any sum multiplied by 9, or by any 
multiple of that number, has the key 
number 9—as by the above method—to 
check its answer. 

Examples :— 
No. 6. 
865 
99 (= 18=9) 72 (=9) 

6135 1730 

6138 6055 


67518 (=27=9) 62280 (=18=9) 

Any sum in multiplication having figures 
which, when added, amount to 9g, or to 
any multiple of that number, has the key 
number g—as by the above method-—to 
check its answer. 
Examples: — 

7335 (=18=9) 

437 


No. 7- 


51345 (=18=9) 
22005 (=9) 
29340 (=18=9) 
3205395 (=27=9). 
543681 (=27=9) 
85 
2718405 
4349448 


46212885 (= 36=9). 
JAMEs Corbett. 
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Cutting Threads on 
Dies in a Bolt Cutter. 


For machines similar to Smith & 
Coventry's make, where the dies are 
fixed in a die head, carried on the saddle 
and operated by a lever. File up the 
blanks that are to be cut—in this case 
three—make them of equal length, so 
that when in position they will be equally 
distant from the centre of machine. File 
to the shape in Diagram A, hollowed to 
suit the diameter they are required to 
cut; this takes a lot of work off the hob, 
and a full thread is cut the whole thick- 
ness of the die at the same time. It is 


essential that the dies should be a reason- 
ably good fit, and be carefully put into 
the die head ; if done carelessly, there is 
a possibility of the thread of one die not 
leading right for its fellows, consequently 
bad threads will be cut on the bolts, or 
the threads will be stripped, especially if 


the machine is worked to its full capacity 
to take the whole of the bolt thread at 
one cut. In these machines a set of 
small cubes with a square hole through 
the centre is furnished to suit all sizes 
of master taps (or hobs) within the range 
of the machine. This is gripped in the 
self-centering chuck that drives the bolts. 
The square on the hob is then slipped 
easily into this and held by the left hand, 
the saddle moved up by the right, with 
the dies wide open. When over the hob 
the lever is pressed over, closing the dies 
firmly on to the hob, and as the hob cuts 
its way into the die blanks, which will be 
felt by the hand pressing the cam lever, 
the pressure is gradually applied to enable 
the hob to continue cutting until a full 
thread is obtained. (Note: Don’t spare 
the oil, and don’t force the cut.) The 
hob will require to run through the dies 
several times to bring up a full thread. 
If the hob cuts badly or is forced, the 
thread is dragged on the sides of the vee, 
becoming scored and deformed ; and a re- 
production of these inaccuracies on the 
bolts will result, together with indifferent 
cutting and heating of the dies. Where 
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a loose poppet head is used, the thread 
end of the hob can be carried by the 
poppet head centre; but this is not im- 
portant. What is more necessary is that 
the square cube driver in the self-center- 
ing chuck should be gripped truly—these 
self-centering chucks have a nasty habit of 
being everything but self-centering when 
in the hands of unskilled attendants ; and 
a little packing is sometimes required to 
make the driver run in line. No good 
results in forcing the cut on the dies 
too quickly, let them feel their way up 
the hob. Cast. steel has a habit of drag- 
ging on the threads that is very trying 
to the tool-maker, and if the thread is 
cut roughly it is cheaper to throw away 
the dies than to attempt to use them; 
they will be a never-ending source of 
trouble in bad work. When a full thread 
is formed in the dies great care must be 
exercised to prevent the tops of the 
threads in the dies wedging and seizing 
in the bottom of the thread of the hob. 
When a full thread has been formed, and 
it is found desirable to cut still further 
to bring up the sides of the vees to a 
smoother and fuller condition, the tops 
of the vees in the dies should be carefully 
filed off the required amount, and the 
dies cut again up to a full thread. 

For machines that carry the dies in a 
die chuck on the fast head spindle, the 
method of carrying the hob is reversed: the 
method of cutting and operating, and the 
precaution to be taken is the same in all 
cases. For dies for hand work the die 
holders can be held in the vice and the 
tap turned by a wrench. 

After the dies have been cut to the 
required condition, take out, file the 
clearances shown, and harden a straw 
colour. It sometimes happens that ma- 
chine dies have a desire to pull off a 
thread or two on the bolts, especially 
where the dies are wide and have several 
threads in; the cause is usually rough- 
ness of the vees, and can often be reme- 
died by backing off a thread or two as 
shown ; in fact it has been found in some 
cases, where the dies have been pro- 
nounced incorrigible, they have cut 
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CUTTING THREADS ON DIE. 


sweetly after all the threads, except about 
the first 24, have been backed off. Some- 
times a die will break off two or more 
threads: when this happens the dies 
should not be destroyed, but the set 
should be ground similarly with equal 
numbers of threads, and put in again. 
Dies will often cut better with half their 
number of threads than with their proper 
complement. 

View A shows three dies in working 
position. The cutting edge is bevelled 
slightly about radially as shown by dotted 
lines, the other edge is backed off a little 
more for clearance, about tangential to 
the small dotted circle. Dotted arcs may 
be noticed at O. For troublesome dies 
it is sometimes found that backing off the 
threads, as shown -by the dotted arcs, is a 
good remedy. JB is a side view of one 
die, showing clearance filed on top, 
bottom, and side of die. The diameter of 
the hob that is to cut the dies is a matter 
upon which a definite understanding can- 
not always be obtained. I have tried 
hobs of the same diameter of the stock to 
be screwed, also both larger and smaller 
in diameter than the stock to be 
screwed, and have found that dies cut 
with a hob a little smaller than the thread 
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to be screwed, do their work more easily 
and effectively than dies cut with a hob 
larger than the stock to be screwed. C 
and JD are given as illustrations showing 
the effect of large and small hobs. In C 
the dies have been cut bya hob larger 
than the stocks to be screwed, it will 
be noticed that the middle portion of the 
die rubs the stock before the cutting edge. 
D shows the die cut with a hob smaller 
than the stock; the cutting edge comes 
to its work at once, and if it is desired to 
give the threads more clearance, shown by 
the dotted arcs O in A, the cutting edge 
can be brought more freely to the work. 
In both C and D the arc of contact is 
exaggerated to more clearly illustrate the 
difference. 
WorKs MANAGER. 


> 
REPLY TO W. D. 


Iron v. Steel. 

1. The mild steel of weldable quality, 
now so much used for smiths’ work, is too 
soft for the purpose, and unable to bear 
the pressure that can be safely imposed on 
good wrought iron. 

2. During an experience extending over 
many years, I have found that the wear 
on mild steel rods of different kinds was 
considerably more than those of iron ; 
further, that in three-throw cranks or shafts 
with three journals, breakages were more 
frequent when the bearings got out of 
line. 

3. I have had the best results from 
good hard steel rods for steam hammers, 
the mild steel ones in this case not wear- 
ing as long as the wrought-iron ones. 
When in charge of a rail-rolling mill I got 
excellent results from rail-steel made by 
the Bessemer process, and containing 
about 0°3 per cent. of carbon. 

4. Wrought-iron is successfully case- 
hardened with potash or by other methods, 
whilst mild steel subjected to this opera- 
tion is often unsatisfactory. 


REPAIR ENGINEER. 





CONSTRUCTION. 

THE Greenwich Footway Tunnel was the 
second tunnel beneath the river Thames un- 
dertaken by the London 
County Council, with 
a view to improve the 
means of communication 
between the districts lying north and 
south of the river, and east of the Tower 
Bridge. It was intended to replace the ex- 


Recent Tunnels 
under the 
River Thames. 


isting steamboat ferry between Greenwich 
and the Isle of Dogs, to the working of which, 
in a crowded waterway like the Thames, 
there were serious objections and hindrances. 


The work had been commenced in June, 
1899, and was now nearing completion. 

The subway consisted of a cast-iron tunnel, 
12 ft. 9 ins. in diameter, connecting two 
shafts, 43 ft. in internal diameter and 1,217 ft. 
apart. One of these shafts was situated in 
the Island Gardens, Poplar, the other being 
immediately behind the Ship Inn at Green- 
wich. Access to the subway was afforded 
by lifts and circular stairways. 

The tunnel was similar in character to 
other iron tunnels recently built in London. 
From each shaft it dipped towards the centre 
of the river with a gradient of 1 in 15, the 
middle portion being on a gradient of I in 277, 
falling towards the Greenwich shore. These 
gradients were entailed by the advisability, 
from motives of economy, of limiting the 
depths of the shafts, and by the necessity of 
complying with the stipulation in the Act, 
that the level of the tunnel should be such as 
to allow of dredging a channel in the river, 
500 ft. wide and 48 ft deep, at high water. 

The caissons were 35 ft. in internal, and 
43 ft. in external diameter, and were formed 
with two steel skins, the 4-foot space between 
them being filled with 6 to 1 Portland-cement 
concrete. The skins were formed of hori- 
zontial rings built up of plates, which were 
generally about 4 ft. 9 ins. in depth, and 
varied in thickness between 2 in. at the bot- 


tom of the caisson, and ;; in. at the top. 
After describing, generally, the shafts, the 
Author pointed out that their special features 
were the absence of any taper on the outside 
of the caisson, and the provision of two air- 
tight floors, the one permanent and fixed 
immediately above the cutting edge, and the 
other temporary and fixed above the tunnel- 
opening. The sinking of the caissons which 
had been done under compressed air, had 
been greatly facilitated by these arrange- 
ments, and had been effected with very uni- 
form progress, and without any disturbance 
of the surrounding ground. 

During the sinking of the caissons, the 
opening in each shaft for the tunnel had been 
closed by a “plug” formed of steel plates 
fitted between girders in such a way as 
to be removeable singly when the shield was 
ready to start. The operation of removing 
this steel plug by gradually substituting, 4 ft. 
vehind it, a timber diaphragm, and filling the 
space between this diaphragm and the face 
with pugged clay, was briefly described. 

The cast-iron lining was similar in charac- 
ter to that used in previous works of the 
same kind, but some improvements had been 
made in details to obtain better water-tight 
joints. All bolt-holes were made with a 
short portion beveled off, and when the bolts 
were put in, lead washers were put on them, 
and, on the bolts being screwed up, the lead 
completely filled the space round the bolts at 
each end made by the beveled edges of the 
bolt-holes. This arrangement had proved 
very successful, and comparatively few bolts 
had been found to be leaking when the air- 
pressure was removed. Into the joints be- 
tween castings, soft lead wire was hammered 
before caulking. The shield was of the “ trap,” 
or “box” type. The Author gave a short 
account of the evolution of this form of 
shield, with diagrams of successive shields 
built on this principle. The one used for the 
Greenwich Tunnel was 14 ft. 6 ins. in length, 
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and had an external diameter of 13 ft. The 
cutting edge was made in thirteen segments, 
each segment having two 6-inch teeth cast 
on it, and immediately behind the cutting 
edge was a circular built box girder. Certain 
alterations suggested by experience had been 
made in the shield, the nature of which was 
fully described in the paper, as well as the 
method of tunnelling, which differed from 
previous similar work only in the use of face- 
rams for holding up the timbering of the 
face. The rate of progress had been excep- 
tionally rapid, an advance of 10 ft. per work- 
ing day having been made over all the tunnel, 
except a short length in open ballast on the 
Greenwich side. This the Author attributed 
mainly to the favourable character of much 
of the material excavated. 

After giving some general statistics as to 
the health of the men employed, the Author 
described an arrangement for drawing viti- 
ated air from the working-front of the shield. 
An attempt had also been made to eliminate 
the carbonic acid from the air supplied to 
the tunnel by means of caustic soda. With 
this object, an apparatus consisting of boxes 
or rectangular tubes of wood, one above the 
other, open at one end, and having sliding 
doors at the other end, had been devised. 
The ends fitted with doors were connected 
to the air-inlet of the tunnel by a conical box, 


the connection with the air-pipe being made 


air-tight by a flexible joint. By opening one 
or other of the sliding doors, the air could 
be made to pass through either the upper 
or the lower tube as required. These tubes 
had removable sides, and each contained 
eight movable wire boxes containing pumice 
stone broken small, which, before being put 
into the tubes, were dipped in a saturated 
solution of caustic soda. A table of results 
was given, showing some reduction to have 
been made in the proportion of carbonic 
acid present in the tunnel. 

The second paper described the work of 
tunnelling under the river Thames for the 
Baker Street aud Waterloo Electric Railway. 

In passing beneath the Thames, the tun- 
nels, elsewhere wholly in London clay, en- 
countered a bed of clean gravel and sand, 
lying in an abrupt depression of the clay 
surface. This freely water-bearing bed had 
necessitated construction under compressed 
air. The two tunnels, each for traffic in one 
direction, ran parallel and on the same level 
for a short distance under the river from the 
Victoria Embankment, at the bottom of 
Northumberland Avenue ; after which the 
east (up) tunnel had a rising gradient of 1 in 
111, and the west (down) tunnel a falling 
gradient of 1 in 107 towards the south side 
of the river. On passing under College 
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Street the up tunnel was vertically over the 
down tunnel. 

The temporary stage, from which the 
working-shafts in the river had been sunk, 
was constructed on piles, parallel with the 
Embankment, and 150 ft. away from it. 
From this stage a temporary foot-bridge led 
tothe Embankment. A stage, 370 ft. by 50 ft., 
held the contractors’ plant and necessary 
buildings. Two 16-ft. shafts having been 
sunk, tunnelling northward had been begun 
from one of the brick chambers at the bottom 
in February, 1899 ; but southward the river 
work had been begun in March, 1900. 

The shield for tunnelling through the gravel 
was provided with a hood in front to cover 
the men during excavation, and a fountain 
trap behind, to afford an air-seal against a 
horizontal water-service, should a run of 
water at the face threaten flooding of the 
tunnel. Under the forward top screen of 
this trap, which was close behind them when 
working, the miners could escape in case of 
necessity. The appliance had proved per- 
fectly successful in accomplishing its purpose. 
Laterally the shield was divided into two 
halves, ahead of the trap, by a vertical girder, 
which enabled a limited face in one half to 
be attacked, after any accident to the face- 
planking due to a “blow.” The other essen- 
tial features of the shield were a steel 
cylinder, stiffened by a circular box-girder in 
rear of the hood, and having behind that a 
strong ring of cast iron carrying fourteen 
hydraulic rams. The cylinder extended be- 
hind the ram, forming a tail in which each 
tunnel-ring was built. 

The iron lining for the 12-ft. tunnels, con- 
sisted of rings 18 in. in width. The tunnel 
was constructed with continuous longitudinal 
joints, machine faced, and dressed with a mix- 
ture of red lead and Stockholm tar before be- 
ingerected. Joint-grooves were caulked with 
iron-rust cement, and both were grummetted 
where necessary. Blue-lias lime grouting 
was forced through the tapped holes pro- 
vided in the iron, which were then screw- 
plugged. For regulating the driving of the 
shield, plumb bob lines for the tunnel centre, 
graduated side-rods drawn by the shield over 
fixed index-marks square to the centre line, 
a hanging plumb-line in the shield casting, 
and boning-rods behind the shield, had 
afforded every means of determining its 
position, and information for applying the 
necessary rams in driving, each ram working 
independently. Setting-out lines had been 
taken from a 15-ft. 6-in base transferred 
down the shaft by steel wires. 

Tunnelling towards Waterloo had been 
begun at the shaft with 17 ft. of solid clay, 
and 34 ft. of total cover beneath the river- 
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bed. In April, 1900, the 8-ft. solid air-tight 
diaphragm-wall of brick in Portland-cement 
mortar, had been built across the tunnel and 
grouted under pressure, with the working 
air-lock and an emergency lock through i, 
and all necessary pipes. When the clay 
cover of the shield was only 5 ft. thick, the 
box heading in advance of the shield had 
been discontinued. Compressed air had 
then been applied with 5 ft. of clay cover, 
and at a depth of 18 ft. below the river-bed. 
As soon as the cutting edge reached within 
2 or 3 ins. of the ballast, pockets of pugged 
clay had been made, close to each other, in 
advance of the face, forming a soft bed for 
the skin to enter, wherever the cutting edge 
would otherwise have encountered the bal- 
last. Asthe amount of ballast-face increased; 
the handholes, separately excavated and 
filled, had formed a larger and larger portion 
of an annular bed in front, a close blanket 
against the shield-skin behind, and a lining 
to the ballast over the iron tunnel, securing a 
space for the grout around the iron, and an 
air-seal at the tail of the shield where it 
covered the last tunnel ring. The face had 
been timbered with close horizontal planking 
set against a thick plaster of pugged clay, 
and arranged by stretchers in two halves, 
across the face, held at first against the 
shield, and afterwards held by up-and-down 


soldiers, supported by round hollow steel 
struts passing through the shield, when driv- 


ing the shield forward. The normal progress 
of the tunnel in ballast, had been three 18-in. 
rings perday. Three 8-hour gangs had been 
employed. ‘The air-pressure used had been 
the exact equivalent of the hydraulic head in 
the river ; varying, usually, during each tide, 
between 24 lbs. and 32 Ibs. per sq. in. 

Medical attendance had been provided for 
the workers, and every provision had been 
made for their care. Cases of compressed- 
air sickness had been infrequent, and the 
serious ones few. The amount of air at 
atmospheric pressure puniped through the 
tunnel, had varied between 30,000 cub. ft. and 
200,000 cub, ft. per hour. The proportion of 
carbonic acid in the atmosphere in the work- 
ing-space had varied between o’06 per cent. 
and o‘lo per cent. 

The East Tunnel had since been driven 
through the ballast by the use of the same 
shield, with a slight modification, to enable 
the miners to work conveniently while the 
face was kept altogether under cover of the 
hood. An average progress of over § ft. per 
working-day had been uniformly maintained, 
and the amount of air delivered had averaged 
only 100,000 cub. ft. per hour.—-Proceedings 
of the Institution of Civil Engineers. 
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For the past seven years the Edinburgh 
and District Water Trust has been engaged 
in the undertaking of bringing 
Edinburgh in the waters of Talla trom 
ew . . 
Waterworks. Peebleshire to supply the in- 
creasing needs of the area for 
which it caters. The works may take some 
three years more ere completion, and may 
cost one million sterling before the huge 
reservoir under construction in Talla Valley 
is completed, and the connection of some 
32 miles made with the filter beds at Alnwick 
Hill, close to Edinburgh. This will add ten 
million gallons a day to the sixteen or 
seventeen million gallons at present received 
from the Pentland Springs and the Moor- 
foots, and will give at least 4o gallons per 
head for all purposes to a population of over 
400,000. In one section of the aqueduct 
there has been some very difficult work 
caused by passing through loose sand and 
gravel, and by the presence of water. Ina 
recent report by Mr. G. H. Hill, Manchester, 
it is stated that a considerable length of 
aqueduct is either in whinstone or sandstone, 
and that there had been no failure by sub- 
sidence in these sections. It was different 
in other sections, such as Auchencorth, 
where a failure had taken place. Therefore 
it was of importance that the complete 
concrete lining should closely follow the 
excavations so as to give support before any 
movement of material could take place. 
The capacity of Talla reservoir is estimated 
at 2,700 million gallons ; the area covered 
will be 2¢7 acres. The puddle trench 
forming the core of the embankment is 40 ft. 
wide at the base, and tapers to ten ft. at the 
top; the embankment will be go ft. high 
with a slope of four to one inside and thiee 
to one outside. Water from the reservoir 
passes in the aqueduct along the hillside to 
the new bridge over the Tweed, which it 
crosses in two large pipes, thence it rises by 
syphon to the opposite hillside and enters 
the tunnel. The Talla water will pass to 
the filters at Alnwick Hill for distribution.— 
The Engineer, October 3, 1902. 
- 
IN an article dealing with bridges on the 
Rhone, M. A. Dumas gives an account of 
the new bridge which is now 
ae New being erected across the river 
ridge at . er 
Valence. Patallel with the existing suspen- 
sion bridge. The new structure 
is to consist of four masonry arches of 164 ft. 
span, the thickness of the centre pier being 
22 ft. and that of the intermediate piers 
15 ft. 4 in., giving a total length of 708 ft. 
8 in. between the abutments. At the crown 
of each span, for a width of about 98 ft., 
which corresponds with the space necessary 
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for navigation, the intrados forms the arc of 
a circle of 164 ft. radius ; and beneath the 
roadway, which is 21 ft. 4 in. broad, it is 
joined to the face of the pier at each side by 
a parabolic arc giving the form of a basket 
handle. The footways, which are 5 ft. 3 in. 
wide, are supported by outer arch rings 
springing from the upstream and down- 
stream cutwaters of the piers, these rings 
being connected to the intrados by groining. 
The balustrades are in open stonework and 
rest upon a cornice supported by corbelling. 
In order that the greater part of the river 
should not be obstructed at one time, it was 
decided that the arches should be constructed 
in two series, and the central pier was given 
a greater thickness, so that it might form an 
abutment for the arches on either side. The 
pier foundations were formed by the aid of 
caissons sunk by compressed air down to the 
pliocene formation which is encountered at 
about 4o ft. below low-water level. Two 
piers are already built, as well as the abut- 
ment at the right-hand bank ; the left-hand 
abutment has been partly finished, and the 
third pier remains to be built.—/Ze Génie 
Civil, Oct. 25, 1902. 


aa) 

IN a paper read by Mr. A. L. Holmes 
before the Central States Waterworks Asso- 
ciation, it is said that in the 
larger cities along navigable 
waters, care must be taken 
that submerged pipe lines—as largely 
adopted in the United States—are beyond 
the reach of keels oc propellers, and that 
the pipes are protected at the docks and 
landings. The only safe way for laying 
pressure pipes across navigable streams is 
to place them in a trench, well below 
the bottom of the river. In some places 
the pipe is laid on the mud, and then 
by aid of a sand pump the line is gradually 
worked down. At Michigan City, Ind., a 
20-in. force main across the harbour was 
lowered from a depth of 16ft. 5 ins. 
to a depth of 20 ft. by the use of 
a sand pump, and without any 
damage being done. This pipe 
was 160 ft. long, and was fitted 
with five ball joints, and, together 
with 1,200 ft. of other pipeon shore, 
showed a leakage under 100 lbs. 
of water pressure of only 168 gals. 
in 24hours. A 16-in. riveted pipe 
across the stream at Hammond, 

Ind., was lowered in this way and 
by the use of a water jet, and was 
perfectly tight when down. Of 
course this way of doing the 
work is not advocated where it is 
practicable to make and maintain 
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a trench otherwise, but some streams are so 
swift and carry so much fine sand or silt 
that the trench would fill as fast as dug. 
The writer’s preference for submerged pipe 
is cast-iron socket and spigot, with lead 
joints, and at every 36 to 48 ft. a flexible 
joint. After describing the details connected 
with this class of work, the paper concludes 
with some useful remarks on the management 
of such a system.— 7he Engineering Record, 
Oct. 4, 1902. 
> 

THIS dam was undertaken to replace a 
timber dam that leaked badly, and was 
designed by Mr. Henry Floy 
of New York City. The water 
is diverted to each side of the 
stream for a pulp mill on one 
bank and various mills and an 
electric lighting and power station on the 
other, the owner of the latter, the Consolidated 
Electric Company, controlling the entire 
water-power. Two waterways had thus to 
be maintained, and a dam was built across 
the stream with gate structures or abutments 
at each end, with a rollway in the centre 
114 ft. long, and two wing dams running 
down-stream from each end of the rollway 
portion separating each waterway from 
the stream proper. The wing dams are 
somewhat similar to the rollway portion of 
the main dam, and are designed to afford 
165 ft. additional rollway in times of 
high water. As shown in the accompany- 
ing plan of the dam, the abutments are 
not ina straight line with the main roll- 
way section, but all parts, including the wing 
dams, are arranged to have a mutual bracing 
effect. The main dam is curved upstream 
on a 450-ft. radius. The wing dams differ 
from the main rollway section in that there 
is no inclined approach to the crest, as racks 
in front of the gates keep out large floating 
bodies, such as ice and logs.. The area of 
the cross-section of the dam is about go sq. 
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ft., so that allowing 145 pounds per cu. ft. for 
the concrete, the weight of the dam-is 6°5 
tons per lineal foot. The structure is entirely 
of concrete mixed in the proportion of one 
part Portland Cement, three parts sand, and 
four parts gravel. One of the difficulties 
encountered in the work was in providing 
sufficient waterway, and which indeed -partly 
accounts for the curvature of the wing dams. 
Between the old dam (the position of which 
is indicated on the plan) and the new dam 
are located the abutments of a highway bridge. 
The flow of diverted water had, on both sides 
of the stream, to be taken around these abut- 
ments, and to secure the maximum possible 
area, the rock was cut away as far as safe 
around the abutment foundations.—7he 
Engineering Record, Oct. 4, 1902. 
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POWER. 


IN a paper read last month before the 
Institution of Mechanical Engineers, Capt. 
Longridge, M.I.Mech.E.,brings 
forward the present technique 
of motor car manufacture with 


Recent 
Oil Motors. 


the view of advancing for discussion debate- 
able points in the principles of construction 
embodied in oil motor cars of 1902. The 
following are the chief points raised and the 
opinions expressed by the author: Zyfes of 


motors.—Petrol-car engines are generally of 
the vertical single-acting Otto type, but in 
America the tendency is to adopt the hori- 
zontal type, an example likely to be followed 
in Europe. The author holds that neither 
type is going to stay, and believes that the 
ultimate evolution will be the “ impulse every 
revolution” engine, a form of which he has 
recently patented. AZuterial and methods of 
manufacture.— Existing designs of motors 
are said to be calculated to give trouble in 
the foundry and workshop. The author 
favours” the substitution of steel tubes for 
cast-iron cylinders, the tubes to be screwed 
into cast-steel or cast-iron heads, and the use 
of a light-rolled metal water-jacket. In using 
steel cylinders cast-iron piston-rings might 
be retained. Engine details.—Mechanical 
valves are advocated ; the author considers 
the valve head should be of nickel-steel, and 
that port passages should be avoided, che 
inlet and outlet valves being placed on the 
head of the combustion chamber. Va/ve 
area.—There is a marked and praiseworthy 
tendency towards increased areas, but more 
complete formulz are still wanted for 
calculations. Carburettors. — Aspiration 
and_ positive-feed carburettors are de- 
scribed, and several important points are 
raised in connection with the problem 
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of carburation. Zhe fuel—On this im- 
portant part. of the subject the author 
says it is astonishing that petrol should 
have been so long in use and yet so 
little known about it. Consequently, as far 
as carburation is concerned, makers are 
working more or less in the dark. /gnition. 
—Electric ignition is the only method con- 
sidered in detail, and existing systems admit 
of improvement in respect of automatic 
timing and automatic consumption of cur- 
rent. Systems of governing.—Four existing 
systems are described, the best being one 
which retains the full discharge of air and 
reduces the amount of petrol. Charge 
expansion.—Several ingenious systems are 
described and discussed. Cylinder cooling. 
—Air-cooling, except as a supplementary 
aid, is said to be impracticable, or in any 
case vastly inferior to water-cooling, for 
which several types of apparatus are men- 
tioned. Sz/encers.—The influence of these 
on engine power is emphasised, and the 
question is raised as to what is the proper 
ratio between the silencer and the cylinder. 
Communication of motor power to the car. 

-The methods adopted in the Peache and 
the Westinghouse steam-engines are cited as 
instances which motor manufacturers might 
well copy in the arrangement of cranks and 
crank-shafts. The author does not agree 


_with the use of mild steel for crank-shafts as 


advocated in this country. He considers a 
tensile strength of 40 to 5otons far more suit- 
able. With regard to fly-wheels, it is said 
that vibration may be eliminated by the 
employment of two fly-wheels revolving in 
opposite directions. With regard to axles, 
the author says it is a strange thing that 
no English firm appears capable of turning 
out motor-car axles of quality and accu- 
racy equal to the production of French 
and Belgian firms. Most leading firms 
import largely from foreign makers. The 
superiority in question seems to depend 
upon a method of hammering which is more 
or less a lost art in England. The employ- 
ment of weldless steel tube or hollow-bored 
axles, which is the latest development, ought 
to suit British makers, and, if successful, 
British-made axles ought to be found on 
every car. . The same remark as to the 
superiority of the foreign- made article 
applies to motor-car springs. The paper 
concludes with an appeal to the Institution 
that the scope of the Gas-Engine Research 
Committee may be extended to the investi- 
gation of the problems surrounding and 
impeding the progress of the petrol engine. 
— Proc. 1. Mech. E.., Oct., 1902. 
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IN a recent paper, Mr. H. A. Humphrey, 
M.I.Mech.E., traces the development of large 
gas-engines during the last few 
years, stating that engines of 
1,200 h.p. and 1,500 h.p. are 
already working, and others of 
2,000 h.p. to 4,000 h.p. are being constructed. 
Since 1900 Messrs. Crossley Bros. have 
received orders for 28 large engines with a 
total of 8,300 h.p., or an average of 296 h.p. 
per engine ; the Premier Gas-Engine Co. 
have contracted to build 23 engines witha 
total of 9,300 h.p., giving an average of 
404 h.p. each, and of the 17,600 h.p. thus 
provided, 12,500 h.p. is for driving dynamos. 
On the Continent, omitting all engines below 
209 h.p., Messrs. Kérting Bros. have made, 
or have under construction, 32 gas-engines 
with a total of 44,500 h.p.,averaging 1,390h.p. 
per engine; the John Cockerill Company 
come next with 59 engines, having an aggre- 
gate of 32,950, and an average 
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that British manufacturers will not be 
behindhand in promoting the development 
of the large gas-engine, which he believes to 
be ¢he engine of the century.—Pvroc. Brit. 
Assn., 1902. 
ae] 
Mr. FRANK BROADBENT, M.I.E.E., points 
out the economy and advantages to be 
derived from the electrical 
Pectstenite- driving of machinery. After 
7 tae» giving some notes upon the 
savings effected by motor 
driving, he very fairly says that the immense 
savings shown therein are in some cases 
due as much to the shockingly bad mechanical 
systems replaced as to the undoubted excel- 
lence of electrical methods. In old works 
shafting and belting often absorb from 50 to 
80 per cent. of the power generated, and it 
does not take much to beat a system of that 
nature. Even if efficient, a mechanical 








of 558 h.p.; the Gazmotoren 

Fabrik Deutz takes the third 

place with 51 engines develop- 

ing collectively 20,665 h.p. ; and 

are followed by the Deutsche 

Kraftgas Gesellschaft with 28 

engines giving 16,900 hp. A 

classified list of these and other 

large gas-engines gives the re- 

markable total of 327 engines 
-capable of supplying 181,605 

h.p. In America, the De la 

Vergue Refrigerating Machine 

Co. have on order 16 2,000 b.h.p. 

gas-engines of the K6rting tvpe ; 

the Lakawanna Steel Works 

have ordered five 1,000 b.h.p. 
gas-engines for driving dynamos ; the Snow 
Steam-pump Works have already made six 
1,000 h.p. gas-engines, and are now finishing 
two gas-enyine gas-compressors of 4,000 h.p. 
each ; the Westinghouse Machine Co. have 
made gas-engines of 1,509 h.p., and are pre- 
pared to build up to 3,000h.p. In dealing 
with the design of modern gas-engines, the 
author notes several points of importance. 
The general tendency, he says, is to make 
all parts very rigid ; the Premier Company 
set the example of water-cooling the piston 
and valves, which was followed by the 
Cockerill Company ; the breech-end casting 
of the cylinder has been much improved ; 
valves are almost entirely of the mushroom 
type operated by cams ; ignition is now per- 
formed by the electric spark in one of three 
recognised methods ; and improved methods 
of governing are being adupted by all the 
leading makers. The author then proceeds 
to show the lines on which the gas-engine of 
the future will be developed, and believes 
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ELECTRICALLY DRIVEN MACHINERY. 


system of driving is inelastic ; and as machine 
after machine is added to a works, shafts, 
bearings, and hangers become so strained 
and twisted that the author wonders, not that 
they absorb so much power, but that they 
stand itatall. An electric system, on the 
other hand, is perfectly elastic; motors 
can be added without affecting efficiency, 
machines can be put in any desired positions, 
and perfect control is possible. An example 
is given showing the necessity of applying 
electric driving intelligently. In this the 
motor merely replaced a steam engine, and 
there were still such heavy losses by the 
transmission of power through shafting that, 
while the power usefully employed was only 
10 kilo-watts, the amount wasted was 7 kilo- 
watts. Soit cost the proprietors £182 a-year 
for wasted energy. “And this, forsooth,” the 
writer says, “is called electrical engineering.” 
He adds that electricity generated by steam- 
power must necessarily be dearer at the 
generator than the steam-power itself. It is 
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only in the method of transmission and 
application that electricity scores ; only by 
getting it right up to the tool or machine, 
avoiding all unnecessary losses in transit, 
can the highest economy be secured, and 
every other method of driving be commer- 
cially beaten. Fig. 1 is an interesting curve, 
showing the relation between the useful and 
wasted work in a factory tested by Mr. 
Crocker. Here the total losses vary from 
65 to 80 percent. Fig. 2 shows the approxi- 
mate results that a change to electric driving 
would effect, assuming electricity to be 
generated at the works by means of a coupled 
plant. Here it is seen that the engine and 
boiler power need be only 30 h.p., instead of 
50 h.p., and that, whilst the total losses in 
engine, dynamo, cables, and motors are 
under 35 per cent. at full load, the loss is not 
a practically constant quantity, as in the 
case of mechanical transmission, but varies 
with the load. At no load the motor and 
cable losses disappear entirely, and both 
engine and dynamo losses are reduced some- 
what. The article from which these notes 
are taken concludes with some hints con- 
cerning the most efficient system of control, 
the best type of motor, and the application 
of fly-wheels.— Zhe Electrical Review, 
September 12, 1902. 


FoR moving the heavy link motions of 
marine and other forms of steam-engine, Mr. 
Arthur Rigg says, the relay 
performs a most serviceable 
function, and the same form of 
device serves as a basis of every description 
of steering gear, whether driven by steam, 
water pressure, or compressed air. The relay 
system is peculiarly suitable for governing 
steam engines or turbines wherever heavy 
valves or sluices have to be moved and 
regulated through the feeble powers of a 
governor. The simplest way in which a 
governor employs a relay is the old-fashioned 
device whereby its variations in speed raise 
or lower a claw, or friction clutch, which is 
put in action whenever the governor balls 
pass beyond the free limit of their range. 
There is always an element of uncertainty in 
the action of such governors as admit pressure 
to the cylinder of a relay ; they are liable to 
run from top to bottom of their range, and the 
speed of the motor suffers correspondingly. 
For steering large vessels a steam steering- 
gear is essential, and the first known example 
of a successful steering gear is that which was 
designed for the Great Eastern steamship. 
This arrangement is fully described in the 
Proceedings of the Institution of Mechanical 
Engineers for the year 1897. Another 
method for working such a relay by steam or 
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water pressure as described by Mr. Rigg, is 
mostefficient and entirely removesall difficulty 
concerning “hunting.” The most positive 
form of mechanical relay is that which makes 
use of water or other liquid pressure for trans- 
mitting whatever movement may be desired, 
or for moving any load for which provision 
has to be made. An illustration is given by 
the writer of a relay constructed on this 
positive hydraulic system. The action of a 
relay and the “hunting” of a governor may 
seem a double subject, but Mr. Rigg says the 
combination of governors and relays is so 
essential in many cases that it is well tocom- 
bine the main considerations of the points to 
be observed in order to secure the proper 
performance of both.— 7ke Engineer, Oct. 17, 
1902. 
aa) 

AN experiment of considerable theoretical 
and practical interest, incidentally illustrat- 
Single-Phase ing the elasticity of the poly- 
Alternators phase current system, was 
on Polyphase recently tried successfully at 
Ciroutts. Phoenix, Arizona. This ex- 
periment was a practical demonstration of 
the possibility of using single-phase alter- 
nators as the source of energy for supplying 
polyphase currents, both two-phase and 
three-phase, and also for supplying direct 
current to a transmission and distribution 
system. The experiment was conducted, 
on April 7th, 1902, by Mr. C. O. Mailloux, 
assisted by Mr. D. W. Beldon, the electrical 
engineer of the Phoenix Light and Fuel 
Company, of Phcenix, using the machinery 
and facilities of the old steam station and 
of the new transformer sub-station of that 
company. The system adopted is three- 
phase transmission at 22,500 volts at the 
transformer station, where there are two sets 
of lowering transformers, including those 
for the lighting and power current service. 
The company purposes to furnish alternating 
current for both lighting and power from 
two-phase 2,200 volts feeder lines, and 
direct current for power only at 500-550 
volts, the power current system to be sup- 
plemented by a storage battery. At the old 
steam station there are three single-phase 
monocyclic alternators, the intention being 
to discard this station after the completion 
of two new water-power stations. One of 
the latter had already been equipped, but 
as the second was not likely to be completed 
in time for the low-water season, it became 
necessary to consider the best ways of utilising 
the existing steam plant as a supplemental 
source of power capable of operating in con- 
junction with the first water-power station, 
and even of replacing it altogether in case 
of emergency. There were two problems 
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to be considered: (1) That of running the 
incandescent lights partly or wholly from 
the steam-driven, single-phase alternators ; 
and (2) that of generating direct current 
for the power circuit, and for charging the 
battery. The first problem was dealt with 
by coupling up the single-phase alternators 
with the two-phase bus bars in the sub- 
station, the alternators being brought to 
synchronous speed by regulation of the 
engines. No difficulty was found in making 
the alternators keep in step, or in making 
them carry a_ proportion of the total 
load. It was also found that they could 
be utilised in balancing the two phases, 
in case they were unequal in potential 
difference, owing to unequal loads. The 
first problem, therefore, being solved by 
these experiments, the second problem was 
then taken into consideration. After careful 
consideration of all the reactions involved, the 
writer decided upon an experiment which 
fully justified his anticipations. The gene- 
rators, having been connected with the 
transformers, and excited so as to give the 
full line voltage on the transmissicn line, 
the rotary converter was then started in the 
regular way. This having been done, two of 
the single-phase alternators were coupled in 
succession to the feeder bus-bars, one to each 


phase ; a Lincoln synchroniser connected as 
a phase-indicating device, showed that a 
perfect quarter-phase relation was being 
maintained. After all adjustments had been 
completed, the line switches were then 


pulled open, thereby disconnecting the 
transmission line, and shutting off all electric 
energy supplied from the water-power station. 
The index of the synchroniser remained all 
the time ata point go degs. from the position 
of synchronisation, thus showing that the 
two-phase relation was mainta'ned as perfectly 
as when the rotary converter was run with 
current supplied from the transmission line. 
The external load was then varied by opening 
and closing the feeder line switches at the 
lighting switchboard. The maximum load 
put on was equivalent to more than three- 
quarters of the full current capacity of each 
alternator: the load being composed almost 
entirely of incandescent lights the power 
factor was, of course, somewhat high. After 
continuing the experiment for about ten 
minutes, the A. C. switches of the rotary 
converter were opened, and the alternators 
were immediately disconnected from the 
feeder bus-bar lines, the synchroniser having 
shown that the quarter-phase relation was 
lost at the same instant that the rotary 
converter was disconne ted. The experi- 
ment was repeated with slight variations two 
or three times, and each time with perfect 
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success. Therewere no facilities for imposing 
a direct-current load on the converter in 
addition to the load resulting from its opera- 
tion as a phasing device for the two alter- 
nators. There is no reason to doubt, however, 
that a direct-current load could have been 
placed upon the rotary converter up to the 
full generating capacity of the two single- 
phase alternators serving as the source of 
current supplying the experiment. The ex- 
periment may, therefore, be taken to be a 
sufficient demonstration of the possibility of 
using single-phase alternators to produce 
two-phase current, three-phase current and 
direct current, with an arrangement and 
under conditions such as those described. 
Proc. Am. Institute of Electrical Engineers, 
June, 1902. 
a) 
REFERRING to the most serious and fre- 
quent causes of trouble to which direct- 
current motors are liable, 


ie Ua: Kece a Mr. Alfred H. Mayes 
Motors. —s Says: that costly repairs 
and inconvenient  stop- 


pages might be largely avoided if users 
would see that such machines were always 
kept in proper order. Overheating of the 
armature windings, which is mentioned as a 
prolific source of trouble, can be prevented 
by the provision of a suitable fuse of “known 
capacity.” The writer mentions the principal 
factors governing the carrying capacity of a 
fuse, and says it is not sufficient to rely upon 
cross-section and the nature of the metal, 
adding that, given careful attention to essen- 
tial requirements, the actual time and current 
limit of a fuse should be a known and defi- 
nite quantity, and that the application of a 
tested fuse of this class to every motor would 
relegate to the past the costly mishap called 
a “burn-out.” With regardeto severance of 
the field windings, the writer thinks that 
experience has shown dampness to be by far 
the most serious enemy with which field coils 
have to contend, and to be responsible for 
more breakdowns than any other cause. If 
the motor cannot be fixed in a dry situation, 
the whole of the field coils should be treated 
with hot paraffin wax, preferably in the 
process of manufacture. Another precaution 
is to see that the starting switch connections 
are such that the field coils are not subjected 
to excessive strain owing to induced e.m.f. 
when the circuit is opened. Owing to the 
high speed at which the average electric 
motor runs, the question of oiling the bear- 
ings becomes a point of the greatest im- 
portance ; and this should be done at regular 
and stated times, the oil used being of a 
rather light character. Most high-class 
motors are now guaranteed by the makers 
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to run sparklessly at all loads, but this result 
may easily be negatived by careless setting 
of the brushes. Brush blocks must: bear 
fairly and evenly upon the commutator, 
and also be so placed that the positive and 
negative brushes are at opposite points of 
its circumference. After running for some 
time the brushes will naturally become worn 
to a shape corresponding with the curve 
and plane of the commutator, and their 
setting should therefore never be disturbed 
until wear renders it requisite to do so. 
Sparking is frequently caused by the brush 
blocks being insufficiently pressed into con- 
tact with the commutator by the adjustable 
spring gear provided for the purpose, as in 
many forms of gear the spring has to over- 
come the tendency to bad contact caused by 
the weight of the brush and brush-holder, 
in addition to the usual vibrations. Lubri- 
cation of the commutator in any form the 
writer considers to be inadvisable, for it 
amounts to placing a film of non-conducting 
matter between the brush block and the 
commutator, where a perfect electrical con- 
nection should exist. Turning to acces- 


sories, the writer says that the switch con- 
tacts will need attention from time tu time, 
owing to the deterioration caused by the 
sparking, which cannot be entirely avoided, 


but can, however, be reduced to a minimum 
by careful design and construction, which 
are too often wanting in pre:ent-day start- 
ing switches. The contacts must be con- 
stantly cleaned to prevent the accumulation 
of fused matter, and it is especially neces- 
sary to keep the contacts smooth and clean 
in the case of automatic switches, as other- 
wise the friction caused by their rough 
condition may prove too great for the 
power of the pull-off spring, in which case 
the contact arm will come to rest before 
all the resistance is cut out; and this, if 
unobserved, may lead to the over-heat- 
ing and destruction of the resistance coils. 
Not only the contacts but the contact- 
maker fitted to the switch-arm must be 
kept in good condition, and care must 
be taken that the electrical connection 
with the switch-arm is sufficient to carry 
the current, in order that no local heating 
may occur. When overload preventers and 
circuit-breakers are employed, it is absolutely 
essential that they shall be carefully tested 
at frequent intervals, and the rubbing sur- 
faces and moving parts be kept perfectly 
clean and in free working order, as a very 
slight amount of undue friction, caused by a 
gradual accumulation of oil and dust, will 
materially increase the current which must 
pass before they will exercise their sunction 
of opening the circuit. In connection with 
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such devices the writer again urges the addi- 
tion of a reliable fuse, as one failure to act 
may prove an expensive business.—E/ectrical 
Review, Sept. 12, 1902. 

aa) 

AT the Detroit Convention of the American 
Street Railway Association, Mr. Edward H. 
Sniffin presented a paper en- 
titled “The Steam Turbine ; 
its Commercial Aspect,” which 
gave information in detail of 
turbine plants nowin operation, 
and discussed the cost of turbine plants and 
operation as contrasted with ordinary steam 
plants. In units as small as 400 kilowatts, a 
result may be obtained of 14°47 lbs. of steam 
per b.h.p. per hour, corresponding to, less 
than 13 lbs. per i.h.p. As the units become 
larger, the turbine is then brought into 
comparison with the best steam-engine 
practice, where it still preserves its uniform 
efficiency, and where its practical advantages 
are no less evident. Ina recent instance, a 
result of 11°7 lbs. of steam per e.h.p. per hour 
was guaranteed on a turbine of 750 k.w. 
capacity, corresponding to about 1c‘17 lbs. 
per indicated h.p., which, though the size is 
moderate, is, perhaps, within the ability of 
but few engines of any size or type that have 
ever been built. Curves were given showing 
that the turbine requires about 80 per cent. 
of the space needed for the vertical engine, 
and not over 40 per cent. of that wanted for 
the horizontal. Another set of curves showed 
the cubic yards of foundation material 
required, which was stated to be a more exact 
and striking comparison. The turbine would 
appear more advantageously still, if the 
actual foundations needed for stability had 
been computed. But even without this the 
foundation volumes are shown in the following 
proportions: turbine 1, vertical engine 9, 
horizontal engine 15. Several actual cases 
were given to show the saving in cost. A 
plant was recently laid out to contain three 
1,0co k.w. units, with vertical cross-com pound 
Corliss engines. Subsequently three more 
1,coo k.w. units were contracted for, steam 
turbines being adopted. It was found that the 
turbine saved 9co square feet of engine-room 
floor space and about 38,000 cubic feet. Had 
the whole plant been originally designed for 
turbines, the saving of space would have been 
double these amounts, and the cost of land, 
building and foundations would have been 
reduced about 50,c0odols. In an electric rail- 
road plant in Ohioit was found that theengine- 
room space planned for additional generators 
with an output of 2,000 k.w. would be sufficient 
for 5,coo k.w. by the adoption of turbines, 
and the boiler-plant extension would be 
reduced about one-third. One other case, 
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of perhaps greater interest, was that of a 
plant of 8,100-k.w. capacity, laid out on 
modern lines. There was no space for 
additional engine-power, and any increase 
would require building costly extension. It 
was shown that without going beyond 
the present building, and without dis- 
turbing the existing machinery, the plant 
might be doubled in capacity by installing 
turbines in space available below the engine- 
room, and by adding another deck of boilers. 
This arrangement would effect a reduction 
of over 3 dols. per kilowatt per annum in the 
present interest charge.—£/ectrical World 
and Engineer, Oct. 18, 1902. 
> 

IT is passing strange, says Mr. Clifford A. 
Bowen, the amount of ignorance displayed 
by the average engineer 
with regard to the proper 
treatment of his boiler 
plant. Everything that can 
be seen and heard is rigidly looked after, but 
the unseen is never thought about. Among 
the principal impurities of water dealt with 
by the writer are :—bases: soda, ammonia, 
lime, magnesia, iron ; acids : sulphuric, car- 
bonic, and nitric acids ; and organic matter. 
Carbonic acid has a most pernicious effect in 
dissolving and absorbing impurities which 
would otherwise be only slightly soluble in 
water. When heat is applied the carbonic 
acid gas flies off, and dissolved mineral saltsare 
precipitated as scale. In water-tube boilers 
the deposit comes into contact with the hot 
tubes, more so than with a Lancashire boiler, 
and soon coats the tubes with a layer of scale. 
Should oily matter be present, the plates 
become coated with a greasy film, upon 
which the precipitate settles and becomes 
baked into a hard scale. The only economi- 
cal way of effecting the removal of calcium 
carbonate is by treating the water with lime 
or lime-water in settling tanks of some kind. 
In a boi.er fed with water containing organic 
matter, the author says that scale 3,-in. thick 
is decidedly beneficial, preventing tree acids 
from causing pitting and corrosion; but 
where water is drawn from wells where the 
strata are chalk all scale should be removed 
as often as possible. Sulphate of lime is 
most objectionable in a boiler on account of 
the hardness of its deposit, which is most 
difficult to remove, adhering to the plates as 
a scale resembling stone. In places where 
the plant is neglected, sulphate of lime is 
précipitated on the plates and tubes, cement- 
ing the carbonate ot lime into a hard, stony 
scale. The addition of soda solution con- 
verts sulphate of lime into carbonate of lime. 
while sulphate of soda remains in solution. 
The addition of soda also tends to neutralise 
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acids liberated by the decomposition of 
chlorides and sulphates of magnesia.— 7he 
Electrical Review, Oct. 3, 1902. 
a 
IN December, 1897, Mr. Smith Whaley 
presented (vol. xix., p. 467) a paper on this 
subject before the American 
} saree Ag Society of Mechanical En- 
gineers. Much question was 
then raised on the efficiency problem of the 
paper, and the consensus of the criticisms 
Was a question as to whether it was economi- 
ca] to install a cotton mil] in the manner 
described. A second paper read by the 
author this year contains a further discussion 
as to the economy of electrical transmission, 
based upon tests conducted at the recently 
equipped Olympia Cotton Mills in Columbia, 
S.C. The results of the investigations are 
given in a series of tables and in graphic 
diagrams which are very interesting and 
useful. It should be explained that the 
nature of the service—namely, the alternat- 
ing current with induction motors—is quite 
different in its action from the direct current 
or similar conditions in a belt or rope-driven 
mill. The generators running in parallel 
are always in step and cannot change ; con- 
sequently it is impossible for one part of the 
plant to speed up or down according to 
variations of the work. As the motors all 
run at the relative speeds compared to the 
generator for which they were designed, an 
absolutely steady speed is maintained, and 
the entire tendency to acceleration or retard- 
ation is absorbed in the machines themselves, 
ensuring an absolutely uniform application 
of power throughout the plant. The sixty 
tests recorded by the author give the follow- 
ing average results : 
Mill Losses. Friction Losses. Total Losses. 
Generator A + 14°22 *+ 2°91 17°13 
B + 14°22 2°78 11°44 


As a fact, the friction losses are practically 
constant, and the apparent difference is merely 
a reduction of the mill friction due to gener- 
ator action in the motors. The only possible 
measurement of this is by the indicator dia- 
grams, the results from which are given in 


the tables. From these data it appears that 
the friction losses ih the Olympia plant are 
far less than in any other method of driving 
cotton mills, with an apparent efficiency of 
over 82 per cent. net, or with the average 
diminution of total friction, the average fric- 
tion does not exceed 15 per cent. It is to be 
hoped that this paper will lead to more in- 
vestigation on this most important subject.— 
Proc. Am. Soc. Mech. E., May, 1902. 
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TRACTION. 

TRIALS now being conducted on the North- 
Eastern Railway in the use of high-capacity 
mineral wagons are to be extended 
to the use of some 40-ton wagons. 
The steps taken by the North- 
Eastern Company for the purpose 
of determining the most practicable and 
economical type of wagon are: (1) The 
building of 15 and 20-ton wooden wagons ; 
2) The building of twelve 32-ton Sheffield 
and Twinberrow wagons ; (3) The building 
of fifty 40-ton Sheffield and Twinberrow 
wagons, and a number of 4o-ton pressed- 
steel wagons. The wagons referred to in 
the first two headings have been running for 
some time ; one or two of the 4o-ton wagons 
are already running, and others are being 
introduced on the system. When first intro- 
duced, the 40-ton wagons were made in two 
sections, each with a hopper floor some 2 ft. 
square, and divided by a partition the full 
height of the wagon. The height of the 
partition is now reduced to between 12 in. 
and 18 in., the reduction enabling the wagon 
to be loaded from one end to the other with 
greater facility. Other improvements have 
also been made relating chiefly to the gear 
for manipulating the sliding doors of the 
hoppers, and to the substitution of oval 
spring buffers for the previous type used. 
Westinghouse draught-gear is applied and 
so arranged that the buffers can be taken off, 
and an automatic coupling used in place of 
the central coupling hook. Having regard 
to the fact that one new wagon takes the 
place of four of 10-ton capacity, the labour of 
manipulation is reduced to one-eighth, and 
the saving in haulage of trucks over the 
shoots is in a corresponding ratio. The 
details of construction of the new wagon are 
well worthy of consideration, but we cannot 
describe them in this brief abstract. Messrs. 
Sheffield and Twinberrow claim the following 
advantages for the high-capacity wagon : 
The maximum proportion of “ paying” load 
carried by 1o-ton wagons is €1 per cent. of 
the gross load, but the employment of high- 
capacity wagons wil] enable the proportion 
to be increased to 75 per cent.; when the 
traffic can be dealt with in full train-loads, an 
increase of 2) per cents in gross receipts 
may be secured, while the train mileage 
and working expenses remain constant, or if 
the volume of traffic is the same, the train 
mileage may be reduced by 17 per cent. ; the 
freight load per running foot may be increased 
from 0°52 tons to 0°84 tons, and this is equiva- 
lent to increasing the effective capacity of 
sidings by 62 per cent.; the total saving in 
repairs will be not less than 5opercent. An 
economy of 15 per cent. in the annual cost 
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of power and maintenance, and of 50 per 
cent. in wagon repairs, would save, in con- 
nection with the mineral traffic of the United 
Kingdom, upwards of 23 million pounds, 
equivalent to a capital value of 50 million 
pounds. It is thought by the writer that 
neither the railway manager nor the private 
wagon-owner is likely to accept these views 
in their entirety.— Zhe /ron and Ceal Trades 
Review, Oct. 3, 1902. 


> 

THE districts through which the lines of 
the Tyneside Tramways & Tramroads Co. 
pass are of great industrial im- 

The portance, as some of the princi- 

yneside ° Aap > 

Tramways. Pal shipbuilding yards and 
engine works in the country 

are situated therein. The lines now com- 
pleted pass through Gosforth, Wallsend, and 
Wellington Quay to North Shields, and 
when the Newcastle Corporation have 
completed the extension in Walker, which is 
now in hand, direct tramway communication 
will be afforded along the whole bank of the 
Tyne, from: Newcastle to North Shields. 
The distinctive term “ tramroad ” is applied 
to a tramway laid on ground other than 
public roads, and in the Tyneside district 
the tramroads laid on ground owned by the 
company will be used for traffic at higher 
speeds than those permitted on ordinary 
tramways. From Gosforth to Wallsend the 
new tramroad follows the route of an old 
colliery wagon-way formerly used for con- 
veying coal from Coxlodge Pit to the river. 
On this road a special form of grooved 
girder rail is adopted, having a check @ in. 
higher than the tread, to give greater security 
at the high speeds permissible at this portion 
of the system. A good portion on the section 
is single track, but there are frequent passing 
places, and as these are situated near public 
roads where speed would have to be reduced 
in any event, the cars are able to make very 
good running. Between Wallsend and 
North Shields and in Gosforth the tramway 
is of double track in many places. The 
gauge is 4 ft. 8} ins., the same as that of the 
Newcastle Corporation lines, and on ordinary 
lines a 95-lb. girder type rail is adopted, 
with soleplates at the joints in addition to 
fishplates. The whole of the track and 
overhead equipment has been constructed 
by Messrs. Dick, Kerr & Co., all special 
work being of Messrs. Hadfield’s manufacture, 
their manganese steel being used throughout. 
At present the rolling stock consists of four 
bogie cars each carrying 112 passengers, and 
14 single-truck cars each having a capacity 
for 80 passengers. All cars are fitted with 
Tidswell’s life-guards, and both hand and 
electric brakes, the latter being of the 
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Kervell magnetic type. The car contract 
was carried out by The British Westinghouse 
Electric Manufacturing Co., the car bodies 
having been supplied by Messrs. G. F. Milnes. 
Power for working the lines is derived from 
the Wallsend works of the Newcastle Electric 
Supply Company, but the Tynemouth Cor- 
poration will supply that portion of the line 
within their boundary. It is expected that 
the gap at present existing between the 
systems of the company and that of the 
Newcastle Corporation will be filled up 
within 12 months.— 7he Electrical Engineer, 
October 3, 1902. 
a> 

AN experiment with petroleum oil upon a 
portion of the London and Southampton 
road, between Farnborough and 
Aldershot, was commenced on Sept. 
27. This is a thoroughfare much 
frequerfted by motorists and cyclists, and is 
near the great camp of the First Army Corps. 
Two thousand five hundred gallons of Texas 
heavy oil were supplied for the purpose by 
the proprietors of the County Gentleman, 
and the oil was placed upon the road under 
the immediate supervision of the county 
surveyor of Hampshire. The oil was laid 
upon three-quarters of a mile of road, 
commencing at the thirty-second milestone 
from London. Several dressings were given, 
the oil being first distributed by means of a 
watering-cart, and subsequently, in order to 
secure an even distribution, the men went 
over the length with large watering-cans. 
The oil soaked quickly into the road and 
left the surface well knit and firm. The 
treatment was immediately successful in pre- 
venting dust. On Sunday a large number 
of motor-cars passed along the road ; on the 
oiled portion they raised not a speck, but 
immediately that was passed they disappeared 
in a whirlwind of dust. It was feared that 
the smell from the oil would be found objec- 
tionable, but the odour was much less than 
was anticipated, and while objected to by 
some people was considered by others to 
be not unpleasant It is rapidly passing 
away.— Zhe Car, October 1, 1902. 

a a) 
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THERE are three methods of relaying 
permanent way—one being, first, to replace 
the old materials with 
new materials, piece by 
piece, lifting out the old 
rails and putting the new 
rails into the old chairs as the old rails are 
removed. The next step after the renewal of 
the rails would be to replace the old chairs 
and sleepers, one by one, with new sleepers 
and new chairs. This method will probably 
be more expensive in the long run than the 
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other alternatives, and will occupy far more 
time. An alternative to this is, secondly, the 
putting together of the new material before 
removing the old line, and this can be done 
in two different ways: (a) the new track can 
be put together parallel to and outside the 
old track, an expeditious way of executing 
the work, providing the embankments and 
cuttings are wide enough and sufficiently free 
from obstruction to allow of this being done ; 
or (6) the near line can be interlaced with 
the old, leaving the new rails about a foot 
away from the old rails—a system which 
presents the greatest advantages when the 
chairs have to be attached to the sleepers on 
the ground. In either case the new line is 
finally slewed into position when the old line 
is removed. The other alternative is, thirdly, 
entirely to clear away the old line, to prepare 
again the formation or the bed for the 
sleepers, and then to relay the permanent 
way in the manner that would be adopted for 
new lines not yet opened for traffic—a 
method preferable for general adoption in all 
cases where it is practicable, and one that 
will eventually be the quickest and most eco- 
nomical. The method of relaying by Sunday 
work (in preference by single-line working) is 
the one most favoured on English railways, 
where trains are so frequent and so heavy, 
and where there are also so many connections 
to make with other companies’ trains. The 
road is usually partly denuded of its ballast 
in the two or three days preceding the actual 
Sunday relaying work, and as the line is not 
altogether safe for two or three days after the 
actual relaying has been done, it is the usual 
practice to slacken trains over the railway 
both before and after the work is done for two, 
three or four days.— 7he Engineer, Oct. 17, 
1902. 
Pe 

Ir is within the knowledge of everyone 
interested in railway practice that the ex- 
press services on the Great 
Central Railway have been 
greatly improved in point 
of speed since the accession of Mr. Sam Fay 
to the management of that Company. A 
run little less than remarkable and worth 
placing on record was recently achieved by 
Engine No. 855, which was one of those con- 
structed by Mr. Harry Pollitt and is of the 
four-coupled bogie type with Belpaire fire- 
box. This engine, which took the 2.15 up 
Manchester-London express, was attached 
at Leicester, the train consisting of eleven 
coaches, including one dining-car, leaving at 
4-40 p.m. It ran the 65 miles from that place 
to Quainton Road, where the junction with 
the Metropolitan rails is effected, in 643 
minutes, traversing the last 47 miles of this 


A fast Run on 
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section in the remarkable time of 41 minutes, 
which is an average of 68°7 miles per hour. 
Forcing this engine, however, did not appear 
to agree with the boiler, as the lagging, con- 
sisting of wood and felt, fired during the 
journey, resulting in the train having to 
be pulled up after Quainton Road had 
been passed, for the fire to be extinguished. 
It is difficult to understand why this 
old form of lagging is still adhered to, as 
the adoption of asbestos coverings would 
entirely eliminate the possibility of such 
a thing happening. 
» 


TOOLS. 


IN a report presented at the recent con- 
vention of the National Railroad Master 
Blacksmiths’ Association, the 
following observations are to be 
found. Crucible or carbon steel 
is recommended in these qualities: select 
grade for lathe, planer, slotter, screw-cutting 
dies, etc. ; second grade for chipping chisels, 
hammers, etc., that have to withstand shock; 
and third grade for hot punches, fullers, 
flatters, sets, etc. Here are a few simple 
rules on which nearly all are agreed, and 
which must be followed to ensure success :— 


Tools and 
Tool Steel. 


Select a good steel for the purpose for which 
the tool is intended; have a clean fire, a 
deep body of fuel to prevent the cold blast 


from getting through; heat slowly and 
thoroughly ; use judgment in forging, turn- 
ing the steel over and upside down fre- 
quently ; see that your anvil is nice and 
smooth, and never try to temper on the 
same heat for forging unless it be a track 
pick. For machine tools, after forging to 
shape, lay aside till cold; then reheat as 
above in a clean, deep, bright fire slowly and 
thoroughly, not any higher than is necessary 
to get the requisite hardness ; then dip in 
your cooling bath. For lathes, planers, etc., 
we do not think it is good policy to draw 
temper ; a little practice with dipping will be 
found as satisfactory, or more so. We all 
know colour stands for nothing unless the 
necessary hardness is first placed there, and 
also that the eye has its limit, and cannot 
register the degree of heat. Now we want 
a good heating furnace for steel, one that is 
slow and steady, witha pyrometer to register 
the degrees of heat. Raise your furnace 
until it reaches the degree of heat wanted, 
hold there until you are certain your steel is 
thoroughly heated through, immerse in your 
cooling liquid, and your job is completed. It 
will be noticed there is no guesswork about 
this. The eye may be deceived, but you are 
governed by laws that are absolute, and 


. the unit cost of work. 
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every day, whether dull or bright, the results 
will be exactly the same.— 7he Mechanical 
World, October ro, 1902. 


» 


ENGINEERING ECONOMICS 
AND MISCELLANEOUS. 


OCCASIONAL use has been made for some 
years of ether-air gas in connection with 
optical lantern work in places 
Bee Ale a oil light was of insufficient 
power, and an apparatus has been 
devised which should have the effect of 
further extending the application of air satu- 
rated with ether gas. A new carburetter has 
been invented which is claimed to be specially 
suitable for ether. The absorbent inaterial 
is the fibre of a palm-like tree, which has an 
apparent specific gravity of from o°114 to 
0°122, and is so extremely porous that it will 
take up nine times its weight of ether, all: of 
which is subsequently evaporated into gas. 
Ether itself burns with a luminous, or even 
smoky flame, but when diluted with air its 
vapour, as in ether-air gas, gives a blue flame, 
and for purposes of illumination requires 
either a mantle or the addition of benzol- 
vapour. According to Langlois, incandescent 
ether-air gas gives a light of 1 Carcel-hour 
(about 9°5 candles) for every 6°7 grammes ot 
ether burned ; while the material will bear 
cuvoling to 21 degs. Fahr. without any of the 
ether condensing out and without suffering 
any diminution in illuminating power. By 
carburetting ether-air gas with 40 or 50 
grammes of benzol per cubic metre, a product 
resembling oil-gas in stability can be pre- 
pared. Itis stated that carburetted ether-air 
gas is almost twice as expensive as oil gas; 
but it has an advantage over the latter in the 
simplicity of the plant required and in the 
rapidity with which a small installation can 
be erected. It may be noted that the intro- 
duction of ether-air gas renders ambiguous 
the term “air-gas” as applied to air carbur- 
etted with petroleum spirit; and the latter 
product should now be called “ petroleum- 
air gas,” or by some equivalent title—7he 
Engineer, Sept. 5, 1902. 


> 


A DISCUSSION on this subject was opened 

at the last convention of the American 

Society of Civil Engineers by Mr. 

Unit Cost Samuel Whinery. ‘Iwo questions 
of Work. : , 

were raised, the first relating to 

the possibility, and the second to the desira- 

bility of account keeping intended tw disclose 

The first of these has 

been answered in the affirmative by practical 
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experience, and the author says it may be 
confidently asserted that, with the same 
amount of care usual and necessary in a 
first-class mercantile establishment, it is 
possible to determine with accuracy the 
unit cost of any engineering work. With 
regard to the second question, it is pointed 
out that a knowledge of the unit cost of work 
is of value in many ways, and accounts which 
enable us to ascertain it are therefore desir- 
able. To the engineer engaged in designing 
modern work, the important problem is how 
to accomplish the object sought with the 
least expenditure of money. The engineer, 
therefore, finds it important to accumulate 
the largest possible fund of cost prices. To 
the contractor or the manufacturer, the ques- 
tion of desirability is synonymous with the 
question, “ Will it pay?” and among the more 
enterprising and intelligent there can be but 
one answer. The question of success or 
failure in these times of sharp competition 
and low prices may depend upon the accuracy 
with which cost has been estimated ; and this 
again will depend upon the knowledge of 
unit cost under the conditions that are to be 
met. These conditions vary greatly upon 
different pieces of work} and in different 
localities, and the estimator needs the ac- 
cumulated knowledge that comes from 
habitual cost-keeping. It is important, 
therefore, that this branch of accounting 
should never be neglected on engineering 
work. Furthermore, it is important. during 
the progress of any extensive work. The 
contractor or the manufacturer who has 
before him at the end of each week the unit 
cost of his work during that week can know 
whether it is being done with proper economy, 
and if it is not, he can ascertain the cause 
and apply the remedy at once, and thus 
prevent accumulated losses. Accurate ac- 
counts will often disclose defective manage- 
ment which may not be detected by personal 
observation during the progress of work.— 

The Engineering Record, Sept. 20, 1902. 


> 
In the Rowland Rapid Telegraph System 
various modifications in the waves of an 
alternating current are adop- 
Pape phy. ted, cut-out positive and nega- 
tive half-waves being employed 


for sending signals over the line. A single 
signal is, however, made to consist of a pair 
of cut-out half-waves which are not adjacent. 
This method leads to the system of “ Wave- 
Groups,” a very important feature of the 
invention. In practice, the Rowland system 
makes use of five groups of waves, with one 
extra half-wave between each group. Sig- 
nals sent over the line are made by cutting 
out any two half-waves not adjacent from 
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some of the different combinations formed. 
Professor Rowland found that he could 
employ about 208 alternations per second, 
and any group of waves will repeat itself four 
times each second. If there are four opera- 
tors, to each of whom is assigned a special 
group of four waves, each can send four 
different signals each quarter of a second. 
Thus 960 different signals may be transmitted 
ovey, the line in one direction in one minute. 
In reality the signals are sent over the line 
in succession, although the process is so rapid 
that they appear to be simultaneous. The 
system is also duplex, so that two different 
signals may be sent in opposite directions. 
Hence the total capacity for one wire is 1920 
signals per minute. Professor Rowland has 
developed the system so that figures, letters, 
and other signs are automatically printed in 
such a manner that each operator, by writing 
on an ordinary Remington keyboard, prints 
messages at the other end of the line. Forty 
words per minute is an ordinary speed for a 
practised operator, so that altogether the 
eight operators mentioned above may trans- 
mit and print telegraph messages at the rate 
of 320 words per minute. The article from 
which these particulars are condensed com- 
mences a full description of the practical 
means by which the chief operations of the 
system are performed, and a further contribu- 
tion is promised, in which will be described 
the method by which the transient signals 
are translated into a readable record and 
afterwards into printed characters.— FE /eciri- 
cal World and Engineer, Oct. 78, 1902. 
ae) 

A PAPER by Mr. S. Everett Doane on 
“Some Common Faults in Exterior []lumina- 
tion” presents someopinions upon 
the question of outdoor lighting, 
which may be considered from 
two points of view—(1) the actual 
distribution of light to the object illuminated ; 
(2) the value of the illuminant to the observer. 
The value of the first can be accurately 
expressed, and much has been said about it, 
yet the second is the practical end for which 
illumination is designed, and its value largely 
depends upon whether or not the source of 
light is in range of the observer’s vision. 
Light delivered from a lamp near at hand is 
to be preferred to light delivered so far away 
that the rays reach the ground at a small 
angle. The greater the candle power and 
the more infrequent the lamps the smaller is 
the portion of the total light which actually 
reaches a roadway. Arc lamps _ located 
respectively 200 ft., 300 ft., and 4o0 ft. apart 
are evidently intended to illumine plane 
areas about 31,500, 70,000, and 125,000 sq. ft. 
in extent. A 2o0-ft. road crossing each of 
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these areas will receive about 12°7 per cent., 
8°6 per cent., and 6°4 per cent. respectively 
of the light delivered to the ground. From 
this the author argues that lamps placed 
200 ft. apart may consume one-half the energy 
and may be of one-half the efficiency, and 
still give equally efficient illumination and 
deliver their light from a more advantageous 
direction, than lamps placed 4oo ft. apart. 
Arc lamps are at their best in densely settled 
districts, where the reflected light from 
buildinzs helps to economise distribution, 
and where the light from shopwindows 
assists to brighten the surroundings so that 
the brilliant arc-lamp is less blinding. In- 
candescent lamps, in the opinion of the 
writer, are much to be preferred for residen- 
tial streets and for districts outside the more 
congested portion of a city or town. His 
opinion is that for a given expenditure of 
energy more light can actually be delivered to 
a highway by incandescent lamps than by arc 
lamps, and that it can be better distributed. 
—Proc. Am. Inst. Electrical Engineers. 
Jan. 1902. 


> 


IN this lamp the arc, which is maintained 
between a pair of inclined carbons saturated 


with certain minerai salts, has 
= ag recently been subjected to care- 

ful photometric tests by two 
independent observers, M. Laporte in Paris, 
and Prof. Wedding in Charlottenburg. A 
full discussion of the two sets of experiments 
is given in 1’--clairage Electrigue for Oct. 4. 
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The results are not in very close agreement, 
though both bring out the superiority of the 
Bremer lamp over ordinary arc lamps. This 
is especially noticeable if one only considers 
the mean hemispherical candle-power for the 
lower hemisphere ; since the construction of 
the Bremer lamp is such that, when used 
without a globe, practically all the light is 
thrown downwards. The distribution of light 
in this direction is also particularly good, 
being nearly uniform throughout an angle of 
50 degs. on either side of the vertical. The 
consumption of power in a 400-watt lamp 
comes out at about 0% watt per spherical 
candle and o'4 watt per hemispherical candle 
for the Bremer lamp with a globe, as against 
it and o65 for an ordinary lamp under 
similar conditions.—Nature, Oct. 76, 7902. 
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MEssks. HANDYSIDE, makers of steel 
bridges, roofs, buildings, etc., of Derby, in 
order to encourage their ap- 
prentices, have arranged to 
pay half the fees, and purchase 
the necessary instruments and books for all 
their apprentices who attend evening classes 
at the Derby Technical College, in approved 
subjects, for a term of three years. Appren- 
tices who pass the prescribed examinations 
will receive increased wages, and will be 
allowed to retain the instruments purchased 
for them. Another well-known firm which 
has adopted a similar system for the encou- 
ragement of apprentices is Palmer’s Ship- 
building Company, of Jarrow. 


Encouraging 
Apprentices. 
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The Crompton Potentiometer. 
(Booklet published by Crompton & Co., 
Ltd., Chelmsford.)— 1 he Crompton potentio- 
meter is now a well-known instrument to 
students of modern text-books and to prac- 
tical engineers, but for any who may be 
called upon to use it without being familiar 
with the principles on which it is constructed 
and on which its action depends, we would 
recommend a careful reading of this instruc- 
tive little pamphlet supplied by the makers. 
It was Professor J. A. Fleming, F.R.S., who 
originally suggested the use of the potentio- 
meter as a standard instrument for electrical 
measurements in direct current supply 
systems, but to Colonel Crompton is due 
the credit of having first developed the in- 
strument, and introduced it into engineering 
practice. From the time of its introduction 
it has steadily gained favour, and is now in 
extensive use not only in laboratories, but in 
supply stations where direct current is 
generated. 

The theory ‘of the instrument is that a 


potential difference may be measured by 
connecting it up to the ends of a known 
resistance, and by balancing on a bridge- 
wire the potential difference between two 
points on this resistance, which include 
between them a known small fraction of the 
total resistance, against the known electro- 
motive force of a standard element, such as 
a Clark cell. The high resistance is pro- 
vided in what is called the volt-box, which 
may be made in various sizes depending 
upon the maximum voltage to be measured. 

In Fig. 1 is shown a volt-box, having 
eleven terminals along its remote side. The 
resistance between any two consecutive ter- 
minals is 10,000 ohms, and between the two 
end terminals 1,500 volts can be carried. 
The terminals nearer the front of the box 
are those of known small resistances tapped 
off from the resistances in the back row, and 
thus they have between them small potential 
differences which may be balanced against a 
Clark cell on the bridge wire. 

Fig. 2 shows the potentiometer itself. The 
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calibrated wire is arranged in 14 
coils, called potentiometer coils, 
and a straight section stretched 
along the graduated strip in front 
of the box. The resistance of the 
several coils is the same as that 
of the straight section, and the 
number of coils in series with 
the bridge wire can be altered at 
will by the switch on the left- 
hand dial in the figure, where 
the contacts are seen numbered 
oto 14. Of the six sets of ter- 
minals along the back edge of 
the board, one is kept for the 
standard cell, while the others 
may be connected up to different 
potential differences; and any 
particular potential difference may 
be selected for measurement on 
the bridge by turning the double 
pole switch on the middle dial 
to the proper contacts. The dial 
and disc on the right belong to 
resistance coils and a rheostat 
respectively, by means of which 
the current from the battery can 
be adjusted so as to give a balance 
for a Clark cell at a known tem- 
perature at the bridge-reading 
whichexpresses the correct E.M.F. 
at that temperature, after which 
thé instrument gives correct 
readings in vo/¢s, instead of in 
terms of E.M.F. of Clark cell. 
The galvanometer terminals and 
switch are seen on the left, the 
battery terminals on the right. 
The latest improvement in the 
instrument is the providing of a 
switch by means of which each of 
the potentiometer coils may be 
separately compared with the 
scale wire, so that their equality 
to it and to one another may be 
readily verified. 

In this little pamphlet from 
Messrs. Crompton & Co., useful 
information is given regarding 
the employment of the potentio- 
meter for measurements such as 
are required in station practice— 
as, ¢.g., the measurement of the 
power absorbed by a motor, or 
of the efficiency of a pair of 
similar machines. . Diagrams of 
the connections are given and 
are accompanied by a short ex- 
planation of the steps to be 
taken to arrive at the desired 
result. 


> 
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Designing Ironwork, Part III. 
Cisterns and Tanks.—By Henry Adams, 
M.I.C.E., etc. London: 60, Queen Victoria 
Street, E.C. 2s. od. 

This is a most useful continuation of the 
series in course of publication by the author, 
especially as the subject to which it is 
devoted is one that seems to be left severely 
alone in text-books relating to iron and steel 
construction. The value of the pamphlet is 


considerably enhanced by two folding plates, 
containing 78 separate drawings of details. 
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The Mechanical World Pocket 
Diary and Year-Book for 1903. 
Manchester: Emmott & Co., Ltd. 6d. 

As a pocket diary this book is a distinct 
failure, as only about 50 pages out of some 
360 payes are devoted to the purpose. As 
a well-arranged, carefully selected, and 
admirably printed collection of useful en- 
gineering notes, rules, tables and data, it is 
a great success, and is well worth double the 
small price asked. 
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The Sea Coast.—By W. H. Wheeler, 
M.Inst.C.E. (London: Longmans, Green & Co., 
1902. ) 

Very little has been written on sea-coast protec- 
tion except, perhaps, in articles for technical 
journals and papers for engineering societies. Mr. 
Wheeler’s book, therefore, comes as a welcome 
addition to the library of the civil engineer. The 
treatise before us deals first with the phenomena 
necessitating the execution of defensive works ; it 
then discusses the construction of such works and, 
finally, presents a comprehensive description of the 
sea coasts of England and Wales and the measures 
adopted for their protection. The author makes 
it clear at.the beginning that no special method of 
protection can be recommended as a panacea, and 
his efforts are accordingly confined to the giving 
of such information as may be helpful to those 
concerned in the preservation of land on the sea- 
board. All land so situated is perpetually being 
worn by the action of waves, as well as by rain and 
frost. In either event the materials carried down 
to the shore are added to the beach, so tending to 
afford some measure of natural protection, the 
value of which depends altogether on the charac- 
teristics of the material. Thus chalk cliffs are 
easily disintegrated, and the resulting d@éérzs is of 
no protective value, and there are very few places 
where cliff destruction yields compensation worthy 
of serious notice Hence, protective works are 
necessary wherever towns exist near the sea shore. 
On other parts of the coast, where land is merely 
used for agriculture, the durability of protection 
depends largely upon financial considerations ; 
and it is pointed out that the cost of preserving 


567 


land would frequently be too heavy to make its 
adoption practicable or advisable. 

After explaining the laws governing the action 
of waves and the effects produced by them on the 
shore, the author discusses the movement of beach 
material along the shores of a tidal coast. This 
movement, known as ‘littoral drift,’’ has a most 
important bearing on the work of the marine 
engineer. In some places there exist large accu- 
mulations of material due to conditions long since 
terminated ; but, as a rule, it may be said that the 
shingle drifting along the coast is strictly limited 
in quantity. Mr. Wheeler points out that at the 
present time the wear and tear of the sea cliffs 
does little more than supply the waste which is 
always going on, and that as there is no other 
source of supply the practice of removing beach 
material for commercial use is strongly to be 
deprecated. 

Coming to the design of sea walls, the author 
shows how difficult it is to comply with the theo- 
retical requirements of such structures. Vertical 
walls result in the projection of water in an 
upward direction, so concentrating action upon 
places where the consequences are most prejudicial, 
for the water, falling at the back, or upon the 
beach, tends to cut out material and threaten the 
durability or stability of the masonry. Concave 
walls have also some disadvantages, for a large 
proportion of the materials are placed where 
little horizontal force is to be resisted; while 
the upper part of the curve offers considerable 
opposition to the upward stroke of the water. 
A sea wall having a projecting curb or nosing 
is still more objectionable for the same reason. 
Several instances are cited where projections of the 
kind have had to be removed. In some places the 
masonry has been loosened, in others coping stones 
have been lifted, and at Ramsgate it is said that a 
nosing set up action causing disintegration of the 
chalk and denudation of the beach to such an ex- 
tent as to threaten the stability of the wall fora 
considerable length. Mr. Wheeler objects to walls 
with a stepped face, because a broken surface is 
offered to the water, and the successive courses of 
masonry are not held down by the upper courses 
as in the case of a verti¢al wall. Sloping walls 
suffer even more from the last-mentioned disadvan- 
tage, and as they must extend further seaward, 
wave effects are felt for a longer time during the 
flow and ebb of the tide. The section considered 
by the author to be best is one in which the face 
presents an elliptical curve, merging at the bottom 
into a slope natural toa beach composed of shingle 
or sand. In the latter case the toe may be carried 
farther out by an apron, protected at the end by 
sheet piling. In either case the object is to lead 
the water back by easy and correctly designed 
curves, so that the cutting out of material may be 
obviated. The mean width of section recom- 
mended is not less than one-half the height above 
the beach level, but this proportion may have to 
be increased if pressure from behind has to be 
resisted. In height a wall will vary according to 
circumstances, but it should be such that waves 
shall never be able to break over the top of the wall. 

In Chapter VI. there is much useful informa- 





568 


tion as to the object and design of groynes. 
While not acting as protections to a coast, groynes 
tend to preserve the land by assisting in the collec- 
tion of shingle. Low groynes across sandy beaches 
help to fill up the hollows, and to convert soft 
surfaces into firm sands. Mr. Wheeler says that 
although groynes are most useful on shingly shores, 
their value must not be over-estimated. Iligh 
groynes increase the destructive influence of the 
waves as the water is projected upwards, and in 
falling it erodes and cuts out the beach. On the 
question of spacing, he says that experience of 
local conditions is the best guide, and that con- 
sideration of what has taken place at various 
towns shows how inadvisable it is to multiply the 
groynes more than is absolutely necessary. Cases 
are mentioned where single groynes have led to 
the collection of beach material for considerable 
distances, and to such depths that old groynes 
have been completely covered In commenting 
upon the Case system of groyning, the author 
generally approves of the principles adopted by 
Mr. Case, but he criticises the practice of stopping 
the groynes at mean high-water line, because this 
permits water to run round their ends, and so to 
scour out the beach. 

We now come to the second part of the volume, 
and while we cannot attempt to refer in detail to 
the many interesting facts presented, some brief 
notices of a few will serve to give the reader an 
idea of the great interest and value attaching to the 
records in this portion of Mr. Wheeler’s work. 
As an instance of the alterations that may follow 
the construction of harbour works, the case of 
It appears that since the 


Weymouth is cited. 
construction of the Portland breakwater, shingle 
has left the beach protecting the northern part of 
Weymouth and drifted away towards the south in 


superabundant quantities. The unwisdom of re- 
moving beach material for building purposes is 
illustrated by the case of Swanage, w. ere serious 
encroachment has thereby been experienced, de- 
stroying buildings on the shore, and threatening 
the road which runs along the sea front for nearly 
a mile. Considerable attention is paid to the 
elaborate precautions taken at Brighton. Mr. 
Wheeler says the system of groyning there is the 
most expensive along the south coast, while the 
cost of maintenance amounts to fully £2,500 per 
annum. Yet in spite of this the groynes are 
unsatisfactory, affording inadequate protection, 
and interfering with the enjoyment of the beach 
by visitors. Seaford has suffered from the con- 
struction of the high and unsightly groynes at 
Brighton, but the subsequent construction of a sea 
wall and groynes have helped materially in the 
re-accumulation of shingle. Two different systems 
of protection are exemplified by Hythe and Sea- 
brooke. A concrete wall was built some years 
ago at Hythe, about a mile long and fifteen feet 
high, and near the east end of the wall a single 
groyne was built of timber and concrete, which 
has accumulated a shingle beach almost as high as 
the top of the wall, and extending nearly to the 
west end of the wall, covering all the old groynes. 
At Seabrooke there is a number of high groynes, 
each one collecting shingle on the windward side, 
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and doing nothing to help the leeward side. 
Consequently the shore presents a serrated appear- 
ance, which is not only unsightly, but is a direct 
assistance to the destructive action of the waves. 
Moreover, so little beach material has been col- 
lected a: the east end of the shore, that in 1898 
the roadway was cut out, and the sea wall was 
partially destroyed. Below the Humber, one of 
the rare examples occurs where the shore line is 
extending seawards, and a considerable area of 
land in Lincolnshire has been reclaimed within 
the last fifty years. On the Norfolk coast, 
Sheringham has suffered much from the sea, 
largely by the influence of a high groyne built by 
a local landowner in 1895. The result was that 
several houses were destroyed, together with much 
land. Mr. Wheeler says that one landowner has 
lost thirty acres, and that in 1897 two acres were 
swept away by the sea during a single storm. 
Cromer, once an inland hamlet, is now obliged to 
fight the sea; and the once important town of 
Dunwich has long since been swallowed up, its 
last remaining church now standing perilously on 
the edge of the cliff. the history of Landguard 
Point affords an example of the care that ought to 
be displayed in tampering with the natural condi- 
tions of the sea coast. More than a century ago 
a rocky ledge acted as a groyne, checking the drift 
of shingle across Harwich Harbour. The greater 
part of this ledge was removed for the manufacture 
of cement, and about 1800 two Martello towers 
and a battery were lost, and the shingle extended 
beyond Landguard Fort until the navigable channel 
was reduced in depth from seven fathoms to little 
more than one fathom. Then a groyne was con- 
structed to remedy this state of things, but the beach 
inside the harbour became sodenuded that the safety 
of the fort was threatened. To remedy this state of 
things, part of the groyne was taken down to let 
some of the shingle pass through, with the result 
that shallows were caused at the mouth of Felix- 
stowe Dock, and other works had to be taken in 
hand to rectify this additional trouble. On the 
other side of Harwich Harbour, also, the removal 
of stone by cement-makers caused the disappear- 
ance of 250 feet of the cliff, and the present break- 
water had to be built by Government, at much 
cost. These are significant examples of unwise 
and thoughtless meddling. 

In addition to describing the sea coasts of our 
own land, Mr. Wheeler gives some very useful 
particulars of the practice adopted in France, 
Belgium, and Holland. His work possesses an 
advantage likely to be appreciated by the general 
reader, that while discussing the whole subject of 
sea-coast protection amply and intelligently, it is 
not cumbered unnecessarily with the minutiz of 
timber and masonry construction. Landowners 
and members of Local Government bodies who may 
be interested in the preservation of land will be 
able to make themselves acquainted with the 
general principles involved in any scheme intended 
to keep the enemy at bay, and to learn what has 
been successfully accomplished in circumstances 
resembling their own, while engineers will find the 
treatise a most invaluable storehouse of practical 
information. 
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King Street Engineering Works, 


ABERDEEN | 


SCOTLAND. 


tenderson St Nes 
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DAVEY, PAXMAN & Co., Ltd. 


COLCHESTER, England. 


ENGINES AND y | PAXMAN’S 
BOILERS Be L¢ PATENT 
OF VARIED re al ee. sae INDEPENDENTLY- 
TYPES iP mer AR a Saar) FIRED 
AND SIZES oto a OST ED. S SUPERHEATERS 
TO MEET ssp rr *e i ee, AND 

ALL — . = CONDENSING 

REQUIREMENTS.  ——— << PLANTS. 


LATEST DESIGN HORIZONTAL COUPLED COMPOUND ENGINE 
Fitted with Paxman's Patent Drop Vaive Gear. 


= 


[a =a — : 
SH EN ome 


PAXMAN’S “ECONOMIC” BOILER. 


BOILERS: 


LANCASHIRE, 
CORNISH, 


SIMPLE AND COMPOUND LOCOMOTIVE, 


PORTABLE AND SEMI-FIXED WATERTUBE, 


ENGINES. \ “ > 
AIR COMPRESSING, WINDING 4 1 : ; ane we 


AND PUMPING ENGINES. 


“PEACHE” HIGH-SPEED ‘We Y South African Office— 
ENGINES. : (Wie SA P.O. Box, 2037 


London Office— sik 3 =e > 14 & 15, STEYTLER’s 


78, QUEEN VICTORIA —y —- BUILDINGS, 
STREET, E.C. COMPOUND PORTABLE ENGINE. JOHANNESBURG. 
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— ANY Be 4 ' 
Pe eILDENIS AAZIN Electrical Plant. 


a 











MATHER & PLATT, Ld., 


SALFORD IRONWORKS, 
appe— MANCHESTER. 


800 K.W. PLANT—SALFORD ELECTRICITY WORKS. 





CONTRACTORS FOR ELECTRICAL PLANT 
OF ALL KINDS. 
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Every Reader of 


feildens Magazine 


should preserve his copies, each of which 
contains valuable information direct from the 
Specialist. Some day you may be in search 
of a Specialist’s views, and then 


FEILDEN’S MAGAZINE 


will be invaluable. 
AA SH 


To facilitate speedy reference we present a 

COMPREHENSIVE INDEX _ 
with each volume. 

aol 

Send at once for our 

SPECIAL BINDING COVER. 
It will make you a handsome and useful 
volume. 


a fA 8 


Binding Cover for this volume (July-December), 
1902, will be ready shortly, post free, 2/10. 
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q 7) : Electric Cranes. 
ul FA eILDENIS ay ‘| Weighing Machinery. 


— 





ELECTRIC CRANES! 


Do you want an Overhead Electric Crane, 
SOUND, RELIABLE and IN EVERY 
SENSE SATISFACTORY ? If so, WRITE 
US ABOUT IT, because that is the Crane 
we make. 


THOMAS BROADBENT G&G SONS, 
HUDDERSFIELD. , 


WEIGHING-MACHINERY 


FOR ALL PURPOSES . -_ 
AND TRADES. .. . 


| 
| 
| HENRY POOLEY & SON, Ld. 
| 
| 


Have been for over 60 years the leading makers. Correspondence 
and enquiries solicited. Lists on Application. 


Head Office : BIRMING HAM. 


And at LIVERPOOL, LONDON, GLASGOW, &c. 


Nato orler 
Kindly mention FR1LDEN’S MAGAZINE when applying to Advertisers. 





"ANVESGATO “417 “OO ®@ NMONE ‘f ‘S4ssaW OL ANV ‘WYHLWHO 1Y GYVANOOd ‘W'H 
OL dalTddNs sv 


‘ANVUG OLLANOVW ONIAVH NOLOW OIMLOATA GANVaD LOAYMIG A@ NSAIWG STION ONINALHOIVYLS 3LV1d 





ROUSTRAL 


























J 
eS 
2 
a 
=4 
2 
= 
un 
a 
s 
2 
3 
v 
2 
= 
A 
= 
= 








"(MODSV19 HW3N) 
JNOLSNHOE ‘SYHOM L33YLS WVITTIM—SSe4ppy 


‘O13 “OL ‘SYYOM HITS B YNVL 5 
‘SWYOM YI0UIS ‘SYHOM NOU! ‘SOUVAdIHS » (] N (] WH 
oem SUINVW 1001 INIHOVW Ol 


Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 











<> 


SPR -ILDENS ene — Condensing: Plant. 








THE MIRRLEES WATSO 


ENGINEERS, 
GLASGOW. 


Telegrams: MIRRLEES, Glasgow. 





i = 
bi VW AY Cee eh aded 
<< 


COMPOUND STEAM-DRIVEN SURFACE-CONDENSING PLANT. 

These plants are designed specially to meet the needs of Electric Light and Power Stations, and are made in 
Eee Different Sizes, giving capacities ranging from 2,000 lbs. of steam per hour to 45,000 Ibs. per 
hour. Every care has been taken to make all parts easy of access, and the design secures positive alignment of 
— and consequently ease in working. The Air and Circulating Pumps are of ample capacity, as also the 

denser, which can be arranged independently it desired. 


We manufacture CONDENSING PLANT of every description. Steam, Electrically end Belt Driven. 





Kinaly mention FEILDEN’S MAGAZINE when apdlying to Advertisers. 





CPEDENS SARE Electrical Plant. 








ROSLING & FYNN, Ltd. 
~<<==— BRADFORD, YORKSHIRE. 


London Office: 31, QUEEN VICTORIA STREET, E.C. 
Glasgow Office: 128, HOPE STREET. 





40-K.W. COMPOUND-WOUND DYNAMO. 


DYNAMOS & MOTORS 10 500 HORSE-POWER. 


eae WRITE FOR LIST F 30. 
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ey ¢ Makers of Cirders Tanks @ 


OD SU 


soy © General Siructural Work eet 














£teel Framework: Concert Hall, Glasgow Exhibition. “4 A BC. code us ed a 
—_— 


ALL KINDS OF PRESSED STEEL TRoucH Foor- 
-ING FOR RoaD ¢ RAILway Bripces, BUILDINGS 


—— Telegrape Address :— FINDLAY. MOTHERWELL . 











Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 











‘\ EER ‘ Announcements. JETS Rrra ed ao 


4 





Editor—C, EDGAR ALLEN. QYOOOOQOHDOHOANHOOOOAH 


Manager—GEO. BR. COOK. 
Northern District Manager, S, BAIN, Feilden’s Magazine is published on the 1st of 
96, Renfield Stre:t, Glasgow. every month. 


Telephone Ne. 2959 Glasgow (Corforation). Qrdinary Edition at all bookstalls and news- 
Midland Dist. Managr—R,. JEFFERYS ADAM, agents, 6d. ; by post, 9d. 


35, silver Arcade, Cank Street, Leicester. Subscription Edition on fine art paper, 


Agents. 12s. 6d. per annum, post free, including all 
UNITED STATES :— special i. : 
The International News Co., 83, Duane on. arene 


Street, New York. Address all communications and remittances, and make 


CANADA :— 
drafts, cheques, and money orders payable to the Head 
The Montreal News Cc., Ltd., 286-388, St. | ostice; ; 


James Street, Montreal; and The Toronto THE FEILDEN PUBLISHING CO., Ltd. 

News Cc., Ltd., 42, Yonge Street, Torento. Gwydir Chambers, 104, High Holborn, 
AUSTRALIA and SOUTH AFRICA:— LONDON, W.C. 
Gordon & Gotch. Telegraphic Address—‘‘ impregnate, London.”’ 

CHINA, JAPAN, and STRAITS SETTLEMENTS :— Nat. Telephone—1i049 Holborn. 
Kelly & Walsh, Ld. The whole of the contents of this publication is copyright, 


INDIA :— and full rights are reserved. 
Thacker & Co. 


Direct representation in other parts of the World. QYHOOOOOOOVOOOS) 9) 


ORIGINAL ARTICLES.—The Editor will be pleased at all times to enter into an arrange- 
ment with engineers and others interested in or connected with technology for illustrated 
contributions of technical interest, and dealing with subjects within the purview of the Magazine, 
viz., Construction, Power, Traction, Tools and Manufacturing Methods, Engineering Economics. 

WORKSHOP PRACTICE.—The attention of Works Managers, Foremen, and those under 
their charge, is particularly directed to this section, which has been designed for providing an 
opportunity of bringing practical ideas and experiences into print. What we desire to encourage 
is inventive capacity and originality. Send along particulars, accompanied by rcugh sketches, of 
emergency devices, jobs which have taxed your ingenuity, etc., they are worth recording. 

We will do all that is necessary to render them fit for publication, and pay ycu at cur 


regular rates. In addition, 
ONE GUINEA 
is awarded for what is, in the opinion of the Editor, the best contribution of the month. 


THE “PRACTICAL ENGINEER” ELECTRI- 
ee BOOKS RECEIVED. eae CAL POCKET BOOK FOR 1903. Man- 

THE ACTS RELATING TO THE SUPPLY hester: The Technical Publishing Co., Ltd 
OF GAS AND WATER BY COMPANIES Pn ec agi ay ne . 
AND LOCAL AUTHORITIES. — 1817-1902 Price 1s. net and ts. Ga. net. 

With reference notes and full index Compil d THE * PRACTICAL ENGINEER” POCKET 
$2 Me pile Space 

by Joseph Reeson. London: Messrs. Butter- BOOK FOR 1993. Manchester : The Tech- 

worth & Co., 12, Bell Yard, Temple Bar, W.C. nical Puhlishing Co., Ltd. Price 1s. and 1s. 6d. 

21s. net. net. 

DIFFERENTIAL CALCULUS FOR BEGIN- CATALOGUES RECEIVED. 
NERS: by Alfred Lodge, M.A., with an AIREY’S PATENT PACKING RINGS. A beau- 
Introduction by Sir Oliver J. Lodge, D.Sc., tifully illustrated catalogue issued by the manu- 
F.R.S., LL.D. London : Messrs. George Bell facturer and patentee, James Airey, Consulting 
« Sons. Cambridge: Messrs. Deighton, Bell & Engineer, Beilerby Terrace, West Hartlepool. 
Co. METALLIC PACKING. A descripti:e pamphlet 

MECHANICAL ENGINEERS’ POCKET-BOOK issued by The United States Metallic Packing 
FOR 1903. Edited by William H. Fowler. Co., Ltd., of Soho Works, Thornton Road, 
Manchester: Scientific Publishing Co. Price Bradford, of their automatic self - adjusting 
1s. 6d, net and 2s. 6d. net. metallic packing for locomotive, marine, and 

GALVANIC BATTERIES: Their Theory, Con- stationary engines, with list of British users. 
struction and Use, comprising Primary, Single | PROSPECTUS REGARDING THE INTER- 
and Double Fluid Cells, Secondary and Gas NATIONAL ENGINEERING, MACHIN- 
Batteries: by S. R. Bottone. London: Messrs. ERY, HARDWARE, AND ALLIED 
Whittaker & Co., Paternoster Square. New TRADES EXHIBITION, to be held at the 
York: 66, Fifth Avenue. 1902. Price 5s. Crystal Palace, March 2nd to Mav 21st, 1002. 
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A 3,000-H.P. LIGHTING SET. 

















WILLANS ¢ ROBINSON. [7 Rugpy, ENGLAND. 
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IMITED. ie 


Parentegs adp MANUFACTURERS OF- _ 
Ships deck Machinery. | Windlassesk Canstans. 
©. Steam Winches: | Duplex Steam feed Pomps, 
Direct Acting Independent’ Slow-Speed Feed Pumps. 
Low Service Pumps for oil X ballast purposes. 
e © Clarke-DowsenLowService Pumps. ° < 
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ee ee eee See 
LITERARY CONTENTS. DECEMBER, 1902. 





ORIGINAL SIGNED ARTICLES. 
bined sr 4 3 and Its Possibilities. W.C. POPPLEWELL, M.Sc., 
nst es 
Standardisation of Electrical “Machinery. “OUR. ELECTRICAL EXPERT =i 
The Aberdeen Cable Subway and Outfall Sewer. G, R. G. C -NWAY... 
The Footbridge for Building the Cables of the New East River ae. 
ISAAC HARBY, Jun., Am. Soc. C.E. .. ‘ 


Modern Compound Locomotives. CHARLES : ‘LAKE. (Contd. j 
Municipal v. Electrical Enterprise ... “a ia 


NEW MACHINERY, Etc. 
The New First-Class Twin-Screw Armoured Cruiser “Good Hope” 


! 
Thirty-Ton Steel Bogie Wagons for the Caledonian Railway Co. < 2 | 


New Locomotives for the Llanelly and Mynydd Mawr Railway 
Manchester Municipal Technical School .. , oe , 


WORKSHOP PRACTICE 


Workshop Queries and Answers 


ENGINEERING NOTES. 
Recent Tunnels under the River Thames 
Edinburgh New Waterworks Ss 
The New Bridge at Valence 
Submerged Water-Pipes = 
A Concrete Power Dam at Middle Falls, N. Foe 
Recent Oil Motors oe 
Progress in Gas Engines 
Electrically-driven Machinery 
Relays and Governors .. : 
Single-phase Alternators on Poly phase Circuits 
The Upkeep of Direct-Current Motors 
Commercial Aspect of the Steam Turbine 
Feed Waters and Their Action on Boilers 
Electricity in Cotton Mills ee 
High-Capacity Wagons 
The Tyneside Tramways 
Oiled Roads ; 
The Quick Renewal of Permanent Way 
A Fast Run on the GC.R. 
Tools and Tool Steel... 
Ether—Air Gas... 
Unit Cost of Work 
Rapid Telegraphy ; 
Street and Road Lighting 
The Bremner Arc Lamp 
Encouraging Apprentices 

THE ENGINEER'S BOOK-SHELF. 
The Crompton Potentiometer 
The Sea Coast ... 


Designing Ironwork Part HI. a 
The Mechanical World Pocket Diary and Year Book ‘for 1903 
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MANNING, WARDLE & CO."":225:"* 





Makers fo LOCOMOTIVE ENGINES for any width of gauge and for all purposes. 
Materials and workmanship of the best quality. 


TANK ENGINE up to 17-in. cylinders, always in stock or in progress. 
Specifications, Photos, and Prices on Application, and Special Designs sent on receipt of particulars of requirements, 
The “A BC” and the “Engineering Telegraph” Codes used. (x) 





Established 1860. Tel. Address :—‘‘Loco., Leeds.” 


HUDSWELL, CLARKE & Co., Ltd. 


RAILWAY FOUNDRY, LEEDS. 
LOCOMOTIVE ENGINES, 


Of all sizes and any gauge of Railway, of greatly improved Construction, for Main or Branch Railways, 
Comtanstom, Ironworks, Collieries, Prices, Photographs, and full Specifications on application. 


Became ay 
aN eee OY ym ment, =: > diamaies a 





SOLE MAKERS OF THE “RODGERS” PULLEYS (Registered). 
Wrought Iron throughout, Rim, Arms and Boss. 
ALSO “ETCHELLS’” NON-DRIP BEARINGS, SHAFTING AND ACCESSORIES. 
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DLDENT Locomotive Engines. USTRAL 














DUBS & COMPANY, ’*crascow. 


Manufacturers of 


LOCOMOTIVE ENGINES AND TENDERS, 


Suitable for any Gauge of Railway and of every description, including RACK ENGINES on the “‘Abt”’ 
System for mountain climbing. 


Telegraphic and Cable Address s 


Designs worked to or furnished. “ DUBS, GLASGOW.” 
London Offices 


Contractors to the Indian and Colonial Governments 
and to the leading Home and Foreign Railways. wuentn ae 





PECKETT & SONS, “™“sz="™ BRISTOL. 


Speciality: Tank Locomotives, of all sizes and gauges, of improved construction and latest design, 


Telegraphic Address— 
** PecKETT BrisTou.” 


Telephone Number— 
NATIONAL 7306. 


Established 1864. 


Specifications, Photographs and Prices on application. 
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iy c aT Steel $ cla ies. 
5 a LOLS : . Friction Clutches. 








MANUFACTURERS OF 
MILD —— PLATES for Ships, Boiler and Bridge-building, ANGLES, 
Zed ae Tees, and all forms of Sectional Bars required for constructive 


C 
5 OS Bl CASTINGS of all kinds and largest sizes for Ship Stems, Stern Posts, Anchors, 
\ " Rudders, &c. 
ADEN . AK Fenemes of every description. AXLES of highest quality to meet 
— uirements of Home and Colonial Railways. 
HALLSIDE gis lecmmone Carriage and Wagon, to all requirements. 
. ) SPECIAL STEEL of all kinds used for constructive purposes. 





THE FRICTION CLUTCH 


for MILL-GEARING and ALL PURPOSES is the 


“ CHAMPION” 


(CHURCHILL & SEELEY’S PATENT). 
SHOCKLESS ENGAGEMENT. INSTANTANEOUS RELEASE. 


SELF - HOLDING. SELF - ADJUSTING. 
NO END THRUST. NO LOSS OF POWER. 





CORRESPONDENCE INVITED... 


Durham, Churchill & Co.___ 


Hallamshire Motor and Engineering Works 106, Gt. Portland Street, 
(Grimesthorpe), SHEFFIELD. LONDON, W. 
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BROWETT, LINDLEY & GO, ‘"- 


Patricroft, MANCHESTER. 


High-Speed = - 
Self-Lubricating |. 
Steam Engines. |) })! 


STANDARD SIZES 
From 20 to 5,000 H.P. 


200-K.W. PLANT. 


Sub-Licensees to Messrs. Easton & Co. Ltd. for 
The SCHMIDT PATENT SYSTEM FOR DEALING WITH 


HIGHLY SUPERHEATED STEAM. 





LONDON OFFICE: 6, OLD QUEEN ST., WESTMINSTER, S.W. 


Representative for Scotland: JOHN A. RUDD, 177, West George St., Glasgow. 
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i STEN Oil Engines. 














“THE BEST” 


THE RUSTON 


PATENT 


OIL ENGINE 


























Made only by 


Ruston, Proctor & Co., 


Limited. 


Lincoln, Engiana. 


Also at 
Telegraphic Address: 46, Queen Victoria Street, 
“ RUSTON, LINCOLN.” London; E.C. 
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Manufacturers of . 


Docks, etc. 
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W. H. ALLEN, SON & Go., Ltd. 


Queen’s Engineering Works, BEDFORD. 


ea) 


HIGH-SPEED ENCLOSED 


ENGINES 
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} POWER & TRACTION WORK. 
> Standard Two and Three Crank Compound and Triple 
; Expansion Type from 30-1,500 B.H.P. 
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QUICK DELIVERY OF STANDARD SIZES. 


Motor and Steam Driven Centrifugal 
Pumping Plants of any size for 


Motor and Steam Driven Surface and 
Jet Condensing Plants. 


Complete Central Station Transmission 
and Power Plants carried out. 


— 1 
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BUTTERF 
| MPROWED CO WELL 
a 


Telephone No. : Telegrams : 
35 SHIPLEY. “ TANKS, 
SHIPLEY.” 


CORN BINS jaa OIL TANKS 
DUST BINS CABINETS. 


PEOPLE WONDER and sa} to 
me, HOW IS IT DONE, 
Butterfield P You are always 
busy, and keep no TRAVELLERS! 
| SAY, Low Price, Good 
Quality, Quick Delivery, is 
the key to my progress. Get my 


W.P. 


m BUTTERFIELD. 4 
GAS 
A 


quotations for a few of my ‘ 


SPECIALITIES, and you will find 

they answer as above. If these goods 

interest you, have a sample sent for 

inspection at my expense and compare 
with other makers. 


SMALL PROFITS. QUICK RETURNS. 


W. P. BUTTERFIELD, “sna Copper Works,” SHIPLEY. 


LARGEST MAKER OF GAS AND OIL ENGINE TANKS IN THE WORLD. 
The Yorkshire Tank, Cistern and Copper Co., of Shipley, is now amalgamated with W. P. Butterfield. 


SHIPLEY. 


. elle 
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MADE IN ALL SIZES AND TYPES. 


Xas the Largest Sale of any Oil Engine in 
the ‘World. 


GOLD MEDAL AWARDED, PARIS, 1900. 


@ee ee ee 
SOLE MAKERS . 


THE CAMPBELL GAS ENGINE Co. 


Limited, 
London Office : HALI FAX, ENGLAN D. Glasgow Office: 


114, TOOLEY STREET, S.E. 2 104, BATH STREET. 
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PORTLAND CEMENT WORKS, 


All Communications to London Ofice— 


139, QUEEN VICTORIA STREET, E.C. ROCHESTER, ENGLAND. 





THE LARGEST CEMENT WORKS IN EUROPE. 
Contractors to the . 


ADMIRALTY. NATAL GOVERNMENT. 
WAR OFFICE. LONDON COUNTY COUNCIL. 
(Annual Contracts Six Years in succession.) 


MARTIN EARLE & CO., Ltd., brand of CEMENT is extensively used in the construction 
of the following Works :— 


NILE RESERVOIRS. CLYDE NAVIGATION EXTENSIONS. 
KEYHAM DOCGK-YARDS EX- HASTINGS HARBOUR. 

TENSIONS (80,000 tons). LONDON, BRIGHTON & SOUTH 
MERSEY DOCKS. COAST RAILWAY DOCKS. 
DOVER HARBOUR. LEITH DOCKS. 

MANCHESTER CORPORATION And in all the principal Colonial and 

WORKS. Import Markets. 


> 
MARTIN EARLE & CO., Ltd., 
Engineering Department, 
Contractors to H.M. Dockyards. 


Specialities :— 


ROTARY KILN PLANT FOR 
CEMENT WORKS. 


HESTER KENT }] 
sa = ag S PATENT COAL 
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CHARLES WINN « C0, | Centrifugal Pumps .. 
Pumping 


BIRMINGHAM. . Engin es 


For Docks, Circulating Purposes, 
Salvage Work, &c. 


DRYSDALE & CO., 


Bon Accord Engine Works, 
GLASGOW. 
Telegraphic } ‘‘ Bon Accorp, 
Ad : GLascow.” 








The “ BUFFOLINE ” 
NOISELESS GEAR Co., 


LEVENSHULME, 
MANCHESTER, 


Are the largest makers of 


NOISELESS 
SCREWING MACHINES “s° GEARS IN 


FOR TUBES & BOLTS stooxs & vis. rod 








Send for our new 
**Red Book.” 


Contractors to British Government. 

















SHAFTING. 


Belt Pulleys, Rope Pulleys, 
Wheel Gearing, : 
Spur & Bevel Mortice Wheels ma Foster's 


Patent 


A SPECIALITY. ‘ileal Pressure 
‘ ( rey Reducing 
> ee Valve. 
m _ ‘* Copper Cap” 
FRICTION CLUTCHES. uptoitins.  Fusible Plug. 
34, Albion Works, 


W. H. BAILEY & CO.., Lp., Mancuester. 





Bailey’s Patent Safety 





Send for Illustrated Price List, containing simple 
Rules for Transmission of Power by Wheels, Ropes, 
Pulleys, Belts and Shafts, Post Free. 





——. ORLAN CLYDE CULLEN 
J. BAGSHAW & SONS, LTD., 6 EA 


Ss Court, Regi 
United States and Foreign Patents, Caveats, Trade Marks, 


a opyrights. 
Bradford Road, BATLEY. No. 700 Seventh Street, N.W. 
Opp. U.S. Patent Office. WASHINGTON, D.c. 
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VIEW OF WORKSHOP. 
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‘) A) ETERS PZIN Machine Tools. 








OUR AUTO SCREW-CUTTING LATHES 
BEAT THE RECORD FOR 
SQUARE OR VEE THREAD 


senr op tarrsam..--- SCREWS. 


CAN SEND YOU TIMES ON GIVEN SCREWS. 


J. PARKINSON, SHIPLEY, Yorks. 











Telegrams: “ MILLING, SHEFFIELD.” For the Catest and most Up-to-Date 


National Telephone: No 985. HEAVY ze 
MACHINE 
_ TOOLS-: 


GEORGE ADDY  m.1.m.e,), 


PLATE BENDING MACHINE. SHEFFI ELD. 





Patents. ———= 


We have no doubt that many of our readers are from time to time devising some new and 
useful ideas, many of which, if properly introduced, would turn out remunerative investments, 
‘We have therefore pleasure in inviting all our inventive readers to write to the Editor of Fritpen’s 
Macazine, marking the envelope ‘‘ Patents,’’ when one of our Patent Experts will reply direct by 
letter. The more simple the invention, the better it is likely to pay you. 





(indly mention FEILDEN’S MAGAZINE when applying to Advertisers. 





Machine Tools. 
Wood-Working Machinery. 





NEW COMBINED 


KEY-SEATING and 
SLOTTING MACHINE 


Possesses many Special Features. 


Will do almost any job that 
can be done on an ordinary 
Shaping Machine. 

cee) 


Write for Descriptive Catalogue | 
and Price List. : 











W. A. FELL, winbermere. | 
High-Class... 
WOOD-WORKING MACHINERY, | 
BOBBIN MACHINERY, ee 


* 
Speciality :—BORING and TURNING MACHINES, 
ot 
We are Specialists. Write to us. 














There is no business house under 
the sun which can afford at the 
present time not to advertise in 
some way or another. 
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Discellaneous. 








(HARkES 


SPECIALIST IN 


Hydraulic Stampings & Forgings, 
ON ADMIRALTY AND WAR OFFICE LISTS. 
Telegrams: ‘‘Macngit, GLascow.” 


Kinning Park Ironworks, 
270, West Scotland Street, GLASGOW. 


ih 


CHAS.MS NEIL 
MAKER 
ORINWINGPARK IRONWORKS 


GLASGOW. 


McNEIL’S 


Weldiess Wrought Steel Stand Pipes are 
very superior to either cast or welded ones. 
Bottom Flanges for Single or Double Riveting, and 
Curved to suit diameter of Boiler. 


SAFE, STRONG, DURABLE and LIGHT. 


Men EIb, 


Luke & Speneer, 


BROADHEATH, 
MANCHESTER. 
Telegraphic Address 


“Emery, Altrincham. ” @e 
National Telephone s Manufacturers of 


** Altrincham, 49.” 
GRINDING. 
and... -. 
POLISHING 
MACHINES 
EMERY .. 


Etc. . . . . 


oe 


Send for our 
Enlarged 
Catalogue, 
Free on 
Application. 





Che “Sbaw’’ 2e 


Patent Improved Valve, 
For Steam or Water. . . 


PECIAL... 
ADVANTAGES: 


Bronze Metal Re- 
newable Seat, Inter- 
changeable Concentric 
Valve, Self-Centering 
under any variation in 
the wear or —_ of the 
spindle ; Special Pack- 
ing to Valve Spindle. 
Material and ork- 
manship of th 
best. 


This Valve, or any of Ss 
the “Suaw” S 
ties for Steam, a j 
Water, sent ye 
proval. Send for one; Rae 
test and judge for your- . 
selves. 


Joseph Shaw, : ALeant 
. « -e HUDDERSFIELD. 


Pull Catalogue of the 
“ Shaw” Speaitien,fr free. 











PATENT DRYING MACHINE 


For all materials that do not affect iron 


AUTOMATIC WEIGHING 
ano SACKING MACHINES. 


AUTOMATIC DUSTLESS 
SIEVE on SEPARATOR. 


DUST COLLECTORS. 
SACK STANDS, 


Save half the lakour, time, and dust 
of Sacking. 


All the above are made at my own works. 


RICHARD SIMON, 


Vernon Rd., NOTTINGHAM. 
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Caundry and Cooking Machinery. 
Ship Models, &. Shipbuilders. 


W. Summerscales & Sons, Ltd. 
KEIGHLEY, 
LAUNDRY AND COOKING ENGINEERS. 








‘* PRACTICAL ”” WASHER. “CHALLENGE” IRONER. 


Plans, Catalogues, and full Particulars given free. 


Telegrams: ‘‘ Pua@nix, KEIGHLEy.”’ 


KELSO & COMPANY, Manufacturing Opticians, - - - 





Electricians, and Model Makers. 


COMPLETE SHIP MODELS 
—A SPECIALITY. 
Electric Ships’ Bells and Indicators. 


Scientific Apparatus of every Description to order. 
Estimates on application. 
SHIP MODEL FITTINGS, on one-fourth and one-eighth inch 
scale always in stock or progress, as supplied by us to the principal 
Shipbuilders at home and abroad. 
7 
Models made to any size or Scale. Inventors’ Models carefully made to instructions. 


Office and Works: 47-57, Oxford Street, GLASGOW. 


Telephone No. 5142. Telegraphic Address—* MODEL, GLASGOW.” 


A. RUTHERFORD & 6O., 


Neptune Works, BIRKENHEAD, 


SHIPBUILDERS and REPAIRERS, 
ENGINEERS and BOILER MAKERS. 
aa) 


Every description of Launch, . . 
Barge, Lighter, Surf Boat, &c. . 


Pe a) 
Builders to the 
BRITISH and FOREIGN 
ADMIRALTIES and the 
ROYAL NATIONAL 
LIFEBOAT INSTITUTION, 











Kindly mention FE1LDEN’S MAGAZINE when applying to Advertisers. 
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MOTORS. 


In Sizes to 150 B.H.P. 


ENCLOSED or SEMI- 
ENCLOSED TYPES. 


® 


Motor-Generators, 
Balancers, Boosters. 


® 


PHEENIX DYNAMO 
MFG CO. 


. Bradford, YORKS. 
30-B.H.P. MOTOR. 300 REVS, 


ELECTRICAL INSTALLATIONS 


Complete in all respects. 


DYNAMOS. ELECTRIC DRILLS. 
MOTORS. And other Appliances. 


H. V. KRAMER 6& Co., ana 


19, Pine Street, ‘ARTHUR G. 


York Street, MANCHESTER. es Witsoe 


Also at BATH, LONDON, GLASGOW. 
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Incandescent Camps. 
Motors. 
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INCANDESCENT 
LAMPS 


OVER TWENTY YEARS’ 
EXPERIENCE 


000O000605606006066 
SOSSSSCSOSOSSOSOOOOSD 


QUALITY & PRICE RIGHT 


Send for Price List to . .. 


The Brush Electrical Engineering Co Ld 
Victoria Works, Belvedere Road 
a London, SE 
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MOTORS. 
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DELIVERY FROM STOCK. 
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ENCLOSED TYPE. ® 


Electromotors, Ltd... 
~waaner wanowesren” QPENSHAW, MANCHESTER. 


Telegrams :— 


London office: 35, QUEEN VICTORIA STREET, E.C.  «-orvers, Lonvon.” 


Tel. No. 8078 BANK. 
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West’ > G cin + ll 


Miles Platting, 


Improvement Co. Manchester, 


Limited, 











And 


104, Queen Victoria St., Gas & General 


London, 5.6. 
Engineers. 


eee Suh TN = he 9 West’s Patent 
A mw pS foes | Silent 
LEXA ® TA Meee, COKE CONVEYOR 
J's aS. ENA AN np ne 
Lat ene. y at for 


‘wits 


a Cer By Conveying, 


ray fy Aare ae Elevating and 


pis 


Storing Coke 
from 

Gas Retorts and 
Similar Plant. 


Hunt’s Patent 


ROLLER CHAIN 


for Elevators, 
Conveyors, and General 
Driving Purposes. 


» 


West’s Manual 
CHARGING MACHINERY, 
fitted with improved: 
charger and power hoist- 
ing gear for raising the 
coal hopper on the 

charging machine. 


bs 


AIR COMPRESSORS. COMPRESSED AIR MOTORS. 
WEST’S CHARGING AND DRAWING MACHINERY FOR GAS RETORTS. 
COAL-CONVEYING MACHINERY FOR GAS AND ELECTRIC- LIGHT WORKS. 
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BIRMINGHAM ARCADES. 


ELECTRIC LIGHTING PLANT. COMPLETE INSTALLATIONS. 


CROMPTON & GCO., LTD. 


ARC WORKS, SALISBURY HOUSE, 


CHELMSFORD. bi LONDON WALL. 
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Steam Hammers, | NIU STIR 
Boilers. ; 


STEAM HAMMERS 


ALL KINDS AND SIZES 


FORGES ano SMITHS’ SHOPS. 


DAVIS & PRIMROSE, 
Great Junction Street, 
EDINBURGA. 


HARTLEY & SUGDEN, =: 


fee Halifax, ENGLAND. 


WROUGHT-IRON AND 
STEEL-WELDED BOILERS 


for Heating Apparatus. 


NEW PATENT 
“HORNET” BOILER 

for Heating by Hot Water 
& Steam at Low Pressure. 


e 
Great Heating Power... 


Ample Heating Surface in 
Proportion to Grate 
Surface. 











increased Economy of Fuel. 


CONTRACTORS TO... 
THE ADMIRAL TY, the WAR OFFICE, and HIS MAJESTY’S BOARD OF WORKS. 
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\ 4a" Heli ad npre. Siiths’ Bearths. ‘Boller Coverings, 
“a Pes 2(ILD ESS AGAR Elevators. Conveyors. 


Boiler Section Blocks, 


‘ Flue Covers, 
Smiths’ Hearths. Boiler ‘Covering Slabs. 


MAXIMUM Reatin Surface. 
MIN: Brickwor. 
PERFEC T Tetidscten of Boiler. 





Down Draft. 


Andrew Handyside & Co. Ltd., COVERING SLAB. 
Britannia ironworks, 104, Queen Victoria st, FIREBRICKS OF BVERY KIND. 


DERBY. LONDON, EC. E. J. & J. PEARSON, 4&4. 





-» STOURBRIDGE. 





ALL KINOS OF 
GRAIN HANDLING 
3 MACHINERY. 


| ELEVATORS. 
| CONVEYORS. 


WRITE FOR 
ILLUSTRATED 
HANDBOOK. 
SECTION 1, 
GRAIN HANDLING 
PLANT. 


REFRIGERATING 
MACHINERY. 


SPENCER & C0, LID, sess. 
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eID ENTS). AG ne Electric Specialities. Rir-Propelling 
» <E MOEN ex § Ventilating Fan. Cranes. 


— 
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THE NEWTON ELECTRICAL WORKS, Ltd. 


Head Office and Works: TAUNTON, ENGLAND. 


Nat. Telephone No. 9. Telegrams: “ Arc, Taunton.” Codes: Ai, A.B.C., and Liebers. 
London Address: 


Messrs. BAXTER & CAUNTER, a6, Charing Cross Road, London, W.C. 
Telegrams: “‘ Rapidolite, London.” Telephone No. 3453 Gerrard. Code: Liebers. 


Glasgow Address: Mr. J. CHARTERS, 79, Main’s Street, Glasgow. 
Telegrams: ‘‘ Kilowatt, Glasgow.” Telephone No. 231, Code: A.B.C. 
EE EE EO Oe ee EEE EOE OK EE DOP HCHO POPC HO HO PO HO HOHO HO OHO PU HO HO POO PC He DO HO 
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JOHN GIBBS & SON'S 


Patent “‘ DUST-PROOF”’ Direct-Driven Electrical 


AIR-PROPELLING and 
VENTILATING FAN. . 


Has Completely ENCLOSED Motor, 
and is acknowledged to be by far the 
Most Efficient, Cheapest, and Best Made 
on the Market. 


HAS QUTDISTANCED ALL COMPETITORS. 


Approved and Adopted as their Standard 
Type by Leading Insurance Companies. 


See Regulations. 
VENTILATING, ELECTRICAL, AND 
CONSULTING ENGINEERS, 


79, DUKE STREET, LIVERPOOL. ae See 


MARSHALL, FLEMING & JACK, motherwe.t, scoTuano. 


Pea, —‘* DELLBARRN, MOTHERWELL, 
Telephone :—s0, MOTHERWELL. 











LOCOMOTIVE AND PORTABLE STEAM CRANES. 
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MIHE Western Union Code 

=| contains most that is of 
value in other codes, and 

much that is missing from each. It 
is much larger (174,000 code words), 
better arranged, more comprehen- 
Sive, and’ in every other way dis- 
tinctly superior to any other code. 


This is strong, but no stronger 
than we mean it to be. We send 
it post free on trial or approval to 
any responsible firm. 


WE TAKE ALL RISKS WESTERN UNION CODE COMPANY, 


OF DAMAGE IN 799 SALISBURY HOUSE, 
FORWARDING OR RETURNING. LONDON WALL, E.C. 








OTHER OFFICES. 


NEW YORK. BERLIN. TOKYO. 
17 State Street. Equitable Building. 16 Tomoye-Cho, Shibo. 


AGENTS. 


JOMNANNESBURG—Ceatral News nepal ADELAIDE—W. C. Rigby & CALCUTTA—Thacker, aoe & Co. 
CAPETOWN—Go: pies & Gotch. LAUNCESTON—A. W. asi & Sons. ANTWERP -Marcei Gev 
BLOEMFONTEIN— HOBART—J. Walsh & Sons. RANGOON —American Bapt st Mission Press. 
ADEN—W. Howell Lockerman. HONG-KONG—W. Brewer & Co. 
AUCKLAND —T. H. Hall & Co. SHANGHAI—M, Tillott 3 Co, 
PARIS—E. Pelias, 4 Rue de Castellane. BATAVIA—G. Kolff & Co. 
BRISBANE—Gordon & Gotch., GLASGOW—Joha Smith & Son, MANILA—Geo. C. Selin ner. 
PERTH —Gordon & Gotch. 19 Renfield Street. SINGAPORE—Keliey & Walsh, Ltd. 
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Furnaces, Destructors, 
Announcement. 





DUFF’S PATENT —._ 


FOR BURNING 


ower BOILER FURNAGES === 


W. F. MASON, Ltd., Engineers, MANCHESTER. | 


“HORSFALL” 
DESTRUCTORS 


PERFECT ABSENCE OF NUISANCE, 
LOWEST COST OF LABOUR AND MAINTENANCE, 
MAXIMUM STEAM-RAISING CAPACITY. 


Sixty plants in active operation, burning over 3,000 tons of refuse per day. 
THE HORSFALL DESTRUCTOR Co., Ltd., LEEDS. 


LONDON OFFICE: 19, Old Queen Street, Westminster, S.W, 


The majority of the 


ILLUSTRATIONS 


appearing in the literary pages of 
FEILDEN’S MAGAZINE 


are offered for Sale at the following prices: 
Line Blocks - - 34° per sq. inch. 


Half-tone Blocks - 5&5 9 
| a a 7) 


Orders .should be accompanied by remittances. 
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\ RCILDENSAGAZNE — Wetallic Packing. 





The United States Metallic Packing Co., Ltd. 


A FEW POINTERS indi 
on Metallic Packings. 








POINT |.—Buy the BEST. 

POINT ll.—The BEST is the CHEAPEST. 

POINT !11.—The UNITED STATES METALLIC PACKING is 
the BEST and, therefore, the CHEAPEST. 





SOHO WORKS, BRADFORD. 
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ASHTON 


SIGHT- 
FEED 


NEVER FAIL. 


LUBRIGATORS 


Thousands Sold. 


SENT FOR ONE MONTH’S FREE TRIAL. 


Size i 4 : 
“Price 36/* 


I 2 4 Pints. 





- 39/« 


45/= T5/« 110/- each. 


Do not confuse this with the cheap, unfinished, American make, 


Ask for List 35. 


THOMAS A. ASHTON, Ltd., SHEFFIELD. 








DELTA META 


Highest Resistance 
to Corrosion, 
io 
Stampings, Castings, 
Forgings, Sheets, 
Bars, Tubes, 


Rods of any section in Brass, 
Yellow Metal, Manganese 
Bronze, Delta Alloys, &c. 


THE DELTA METAL Co., Ltd. 


(Alexander Dick’s Patents), 
110, CANNON ‘STREET, LONDON, E.C. 
Works: LONDON and BIRMINGHAM. 





THE GLENBOIG UNION FIRE CLAY CO., kro. 


Offices: 48, West REGENT St., GLASGOW. 


gui 


42 PRIZE MEDALS AND DIPLOMAS OF HONOUR. 
Highest Awards wherever Exhibited. 
Where others melt or split up, GLENBOIG stands. 
Contractors to the Principal National Arsenals of Europe. 


RESSWELLS’ 
WELLINGTON MILLS 
BRADFORD, YORKS.” 





“Asbestos Spinners and Manufacturers. 


Telephone 950. T. A.—" Asbestos, Bradford.” 


If you want a First-class JOINTING for High or Low 
Pressure MANHOLES, MUDHOLES, STEAM PIPES, 
STEAM CHESTS, CYLINDERS, GAS ENGINES, 
WATER, CHEMICAL, HOT AIR or FIRE Joints, faced 
or unfaced, state your wants to us. 

Ask for No. 2 Cataloeue. 5 





KAYR’S «ss: SEAMLESS OIL CAN. 


FITTED WITH NEW PATENT THUMB-BUTTON 
AND PATENT SEAMLESS SPOUT. 
IN COPPER OR BRASS, 
For Electrical Purposes. 


e® 
Contractors to. 
H.M. NAVY, 
War Department, 
Home Office, and 
Indian State Railways. 
ee 
Sole Makers . 


os 


JOSH. KAYE & SONS, Ltd., Lock waste, LEEDS, and 93, High Holborn, LONDON, W.C. 
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(OLARKE’S CRANK & FORGE CO., LTD., 


Manufacturers of LINCOLN. 
TELEGRAMS : e RAN KS 
“CRANKS, pee Bent, Solid, or built up; 


and FORGINGS of all Descriptions, 


IN SIEMENS-MARTIN OR 
BESSEMER STEEL. 
On Admiralty List. Biack, Rough Machined, or Finished Bright. 


@@ @ 


PNGINGIN GING 


| TR AD ERS Should not miss the 


November Issue of 


FIGHTING © “<che British 





CO-OPERATION “verter.” 


A STRIKING ARTICLE. — A CLEVER CARTOON. 


Post Free, Seven Penny Stamps. 
From the Publishers, 


2, QUEEN ANNE BUILDINGS, 
BALDWIN STREET, BRISTOL. 











We shall be pleased at all times to send, free of charge, a 


Specimen Copy 


of FEILDEN’S MAGAZINE to the friends of any of our 
readers on receipt of the name and address. 
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Dviscellaneous. 


F REDERICK SMITH & C°, WIRE AANUPACTURERS PP 


STEEL and IRON nays B- Works, HALIFAX, ENGLAND; 
COPPER WIRE—Anaconda Works, SALFORD, MANCHESTER. 
GALVANISED Iron Telegraph Line Wire to all Specifications. Rigging and Hawser Wire. 
ImpROvED Patent and PLouGH Stee. Rope Wire, from 80 to 120 tons per square inch strain. 
High Conductivity Copper Wire, 100 per cent. Conductivity. Piain Sort or Tinnep for all Electrical Purposes. 
Hard Drawn H.C. Coprer Line Wire. Long Lengths. Government Tests. Rops, Tapes, Strips, and STRAND. 
Tel. and Cable Address: “Smith, Halifax.” “ Anaconda, Manchester.” Tel. No. : 31 Halifax. 2334 Manchester, 
























STEEL&MALLEABLE IRON 
CASTINGS ror 
ENGINEERS &IOOL MAKERS 


10 MACHINE CLEAN & BRIGHT 
ALL OVER 


PARKER FOUNDRY (0.DERBY. 


ADMIRALTY 


Forge Ahead 


cf your competitors or they will forge 


ahead of — If = apes their J. BENNETT von der HEYDE, 8, Brown St., Manchester. 
advertising (all else being equal), will 


you not get the trade? 











rods in perfect condition. 
*“WIBdIS PrzBeys0dng 
puv soujZuq jo sossuj> [je 10.4 
*yos Asvulpso sv AeM owes posy 


A PURE MBTALLIC PACKING. 
Lasts for many years, and keeps the 











HENCE HAM VALE Works 


M A NCHESTER 

















LIMITED NUMBER of the first, second, third, Piper 
fourth and fifth volumes of FEILDEN’S 
MAGAZINE, bound in cloth, half-calf or half- 

morocco, are now on sale. Applications from Annual 
Subscribers will be given the preference, but all in- 
quiries will have prompt attention, 
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i ETDENE 


Office Specialities. 
Cranslations. 4 






















wee 4. @. 
CARD 
INDEX. 


Foot... 


MASTERY OF DETAIL, 
CONSOLIDATION OF FACTS, 
INCREASED DIVIDENDS. 


LIBRARY BUREAU 


10, Bloomsbury Street, 
LONDON, W.C. 
Branches at 


12, Exchange Street, MANCHESTER. 
58, The City Arcades, BIRMINGHAM. 
Union Buildings, 8t. John St., 

NEWCASTLE-ON-TYNE. 











Typewriting or Caligraphy, 
and 
Common Sense. 


WHAT YOU 
GET OUT. 


Instantaneous Information, 
Consolidated Detail, 
Classified Facts, 
and 
£ Ss. d. 


Particulars on 


Application. 











Telegrams :—Pearse, 34 Villette, Paris. 





ENGLISH, 
FRENCH, 
GERMAN, 
and 
ITALIAN 


“S 

e 

@e 
wv 


? 


In 
> MINING, 
RS METALLURGY, 
& | @IVIL and 
Ry MECHANICAL 
ENGINEERING. 


Undertaken by a Member of the N.Engl. Inst. of Mining and 
Mechanical Engineers, who has had long and varied experience. 


Address :—J. WALTER PEARSE, 
ja Villette, Paris, XIX. 


? 


Boulevard de 





From the Feilden Publishing Co., Ltd., 





To the Readers of Feilden’s Magazine. 





Our GLASGOW Office 
is 


06, Renfield Street. 


38 


Our MIDLAND Office 
is 
35, Silver Arcade, 
Cank Street, 


Leicester. 


8 
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7 enttemen nes Se 
([ A lM aes Emery Cloth. Insurance, 
\ REESE soipetns 








ESTABLISHED 1859. 


CRIBED CAPITAL, 
$876,000. 


Inspection & Insurance 
\ of BOILERS, 
ENGINES, DYNAMOS, 
a MOTORS, and other 
‘ —— ELECTRICAL 
WORLD ) ostutiadin PLANT. 
under “The Over 45,000 


STANDARD Workmen’s Boilers and 


Compensation Engines under 
Act,” “ Employers’ Supervision. 
Liability Act,” 
and at Common Law. 


CLOTH, | For Cutting Power 


WHEELS, | and Durability. . .§ | Third Party, and Fidelity 
Guarantee Insurance. 


DISCS, | CARRUTHERS ST., | :i:S9EAER EES ictnee 
PAPER. MANCHESTER. 





EDWARD HADFIELD, Secretary. 


APPLICATIONS FOR AGENCIES INVITED. 























NOTICE.—The Steamers of this Line come 


alongside the Prince's Stag, Liverpool, to land 
aa or embark Passengers without the intervention of 
Tenders, and London passengers depart from or 





arrive at the Riverside Railway Station on the 
INAUGURATED JULY 4ru, 1840. Quay adjoining. 


12500 Tin S LENGTH 625 FEET A 


Sailings to and from New York a FASTEST SHIPS BETWEEN LIVERPOOL AND NEW YORK. 
Boston on Saturdays and Tuesdays LARGEST SHIPS BETWEEN LIVERPOOL AND BOSTON. 


The Twin-Screw Ships “Ivernia” and “ Saxonia,” which sail between 


FITTED WITH MARCONI SYSTEM OF WIRELESS © Liverpool and Boston, are among the largest ships afloat, and their remarkable 
TELEGRAPHY, steadiness makes seasickness practically impossible. 
UNSURPASSED ACCOMMODATION at MODERATE FARES for ALL CLASSES and for ALL STEAMERS. 
For Gibraltar, Malta, Syra, Smyrna, Constantinople, Patras, Corfu, 
MEDITERRANEAN SERVICE. Genoa, Leghorn, Naples, Palermo, Messina, Catania, Brindisi, Bari, 
Freavent Faciout Saninas rrom Livernroo. Ancona, Fiume, Trieste, and Venice. 


HAVRE SERVICE. Freight steamers trom Liverpool and Havre weekly. 


@@ For full particulars apply at the Company's Offices ; in New York at 29, Broadway ; in Boston, at 99, State St.; in Havre, at 23, Quai d'Orléans ; 
in Paris, at 2 bis, Rue Scribe; in London, at 32, Cocksour St.,S.W., and 93, Bishopsgate St., EC: in Manchester, at 18, Brazennose St. : in 
Glasgow, at 30, Jamaica St. ; in Leith, at Exchange Buildings; in Belfast, at 49, Queen's Sq. ; in Queenstown at Cupard Wharf; or to 


THE CUNARD STEAM SHIP COMPANY, LIMITED, 
~\ 8, Water Street, LIVERPOOL. “ig 


Kindly mention FRILDEN’S MAGAZINE when applying to Advertisers. 




















ie < Pe cILDENS | ' Gear Wheels. Roof Glazin 
OLDEN SIN az Friction Clutches. “ 








MACHINE- CUT GEAR WHEELS. 


| 
| SPUR or BEVEL up to 6 ft. diam. 
JOHN. SMITH & CO., Grove Works, Carshalton, Surrey. 


MELLOWES « C°’s 


PATENT DROP 
DRY 


“ECLIPSE” -§-_ @_ 


NO: 


ROOF BSS 
GLAZING 


eA SR 





SHEFFIELD (Works). 
LONDON: 28, Victoria St., 
Westminster. 20 YEARS’ TEST. 











12 / 6 sent NOW will place you on our subscription list for a year’s issues 
(including special numbers), post free, on the finest English aft 
paper. We have a few back numbers of some issues still in stock, but cannot 
guarantee them. Ensure getting your copies regularly by subscribing NOW. 





HEYWOOD & BRIDGE’S . PATENTEES AND SOLE MAKERS .’. 
omen fai : DAVID BRIDGE & Co. 


FRICTION CLUTCH. Ayg@m, CAV'?.BRIDS 


As Svuppuro ro jag’ Etna IRON Works, 


WOOLWICH ARSENAL, ROYAL MINT, etc. 
HUNDREDS OF REPEAT ORDERS. y CASTLETON, Manchester. 


SEND FOR NEW 60-PAGE CATALOCUE—FREE. London Office: 35, QUEEN VICTORIA STREET, E.C. 





Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 
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Engraving. DUS TRL Apepes a) 


THE HIGH-CLASS 
PUBLICATIONS 


shown in the accompany- 
ing picture demand and 
can only use the 


BEST 
ILLUSTRATIONS 


obtainable. All of them 
are executed by 

Che = = - 

London Scottish © 


Engraving Co., 
Ctd., 


who employ an_ expert 
Staff of Artists and Tech- 
nical Photographers, who 
have special experience in 


MACHINERY and 
ENGINEERING 
ILLUSTRATIONS. 


WRITE FOR SAMPLES TO 


THE LONDON SCOTTISH ENGRAVING Co., Ltd., 


19 & 19a, Cursitor Street, Chancery Lane, 


Telephone : 
i, E.C. 
1688 norzorn, yp Fp nite: esis tbat LONDON, E.C 
. a 


eA 


























Engravers to - = - 
The ‘‘TRAMWAY AND RAILWAY WORLD,’’ 
‘* FEILDEN’S MAGAZINE,’’ 
‘* MADAME,’’ 
and many other influential and important Illustrated Journals. 


Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 
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The Works of Messrs. W. P. Butterfield, 
Shipley, Yorks. 


ROM time to time articles, under the 
heading of “‘ How Great Britain is 
Meeting Foreign Competition,” 
have appeared in FEILDEN’s MaGa- 

ZINE, the purport of which has been to 
describe the works and methods of manu- 
facture adopted by the more up-to-date 
firms of this country. Although in mag- 
nitude the works of Mr. W. P. Butterfield 
are not to be compared with those de- 
scribed under the above-mentioned head- 
ing, yet in the thoroughness of the equip- 
ment and the refinement of manufacturing 
methods, this enterprising firm deserves 
some commendation. The present works 
are the most recent stage of a business 
development which had its origin twenty 
years ago in a small cellar wherein Mr. 


Butterfield commenced the manu- 
facture of gas and oil-engine tanks, 
of which, to-day, he claims to be the 
largest maker in the world, the output 
consisting of 300 standard-sized 
tanks per week, and even more of 
smaller dimensions. 

The first portion of the present 
works, which cover over half-an- 
acre of ground, was opened four 
years ago, since which date three 
other bays have been added, at the 
rate of one a year. A reserve of 
ground, three acres in extent, has 
been acquired for future additions. 

The equipment contained therein 
is of the most up-to-date description, 
and numbers over fifty machines for 
shearing, punching, flanging, etc., all 
of which are belt-driven, and have 
the machine gear guarded. <A 
mechanic’s shop for die and _ tool- 
making is in process of construction, 
to contain milling machines and a 
large-size turning lathe. 

Surrounding the shops are be- 
tween five and six hundred bins, 

arranged for holding iron and sheet metal 
cut to standard dimensions, the process 
of manufacture, which is arranged on 
strictly standardised principles, commenc- 
ing by their removal to neighbouring 
bending rolls, thence to be put through 
the punching, riveting, and flanging 
processes. 

The disposition of the machines is such 
that the work is in a forward direction 
always, and no time is wasted by travers- 
ing ground over which it has once 
passed. 

The galvanising department is over 
go ft. in length, and is fitted with an 
overhead crane of 30 ft. span for handling 
with facility the tanks, etc. This room 
contains six pickling vats and a large 
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galvanising bath, having a total capacity 
of 25 tons. 

The basement of the works constitutes 
the finished stores, where over 1,000 


cylinders, in addition to copper boilers, 
dustbins, corn bins, and cattle troughs, 
ail of which utensils are made here, are 
kept in stock. 

Mr. Butterfield’s interest does not end 
at securing the highest mechanical effi- 
ciency, but extends to the welfare of his 


“— 


Manufacturers’ Supplement. 


staff, for whom he has provided a dining- 
room fitted with lockers, etc., and a billiard 
room. A series of evening classes in 
technical subjects, held at the works, has 
also been arranged, a feature to which 
other employers would do well to give 
some consideration. 

The accompanying illustrations show the 
exterior of the works, three views in the 
machine shops : the smiths’ shop, galvanis- 
ing department, and finished stock room. 


SANITARY 


DUST BINS a CORN BING 


EXTERIOR OF MESSRS, BUTTERFIELD’S WORKS, 


Spites 
eae SS 
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VIEWS IN THE PUNCHING, SHEARING, 
AND RIVETING DEPARTMENTS, 
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THE SMITHS’ SHOP. 


A, Vis A 
OR 


—T 
THE GALVANISING DEPARTMENT 


ONE OF THE FINISHED-STOCK ROOMS, 

















Sugar Curing Plant 
Centrifugals, Is. _ Machine Cools. 








FOR — : DYERS, 
LAUNDRIES, @a@imaaiiT CHEMICAL 

| CLEANERS, “Gees MANUFACTURERS, 
Patent Pivot BLEACHERS, eesti ETC., ETC. 


Patent Suspended Patent Water-Driven 
Hydro-Extractor Hydro-Extractor. Pivot Hydro-Extractor. 


WATSON, LAIDLAW & C° 


98, DUNDAS STREET, GLASGOW (South). 
SUGAR-CURING PLANT, —= 


Centrifugals—Hydro-Extractors. 


ILLUSTRATED CATALOGUE (English, Spanish or French) 
FREE ON APPLICATION, 
‘All users of Centrifugals or Hydro-Extractors 


2229 should become acquainted with our 








2227. 


Patent Centrifugal PDATENT WATER-DRIVEN- MACHINES. __ piagonal Engine. 





THOS. W. WARD 


FEES yO ALBION WORKS, SHEFFIELD. 


HIGH-CLASS NEW MACHINE TOOLS 
... IN STOCK FOR IMMEDIATE DELIVERY ... 


Send for Catalogues (New Issue) Post Free. 


Kindly mention Feipan’s MAGAZINE when applying to Advertisers. 
Vol. 7.—No. 41. L 




















a Belt which will run satisfactorily 
and last under abnormal conditions and 
for high speeds and severe drives has been overcome. 


FLEMING’S 


“TEOnm: 


BELT 


is a Belt of enormous tensile strength and of proved 
ability and power to resist heat, steam, damp, 
water, &c., indoors or outdoors. 


Send for Explanatory 
Booklet and 


coat tsa Be : > 





NO UNDUE STRETCH. NON-SLIPPINC. 




















NON-SLIPPING. 














Sole Makers: 


FLEMING, BIRKBY & GOODALL lLd., 


Leather and Textile Belting Manufacturers. 
West Grove Mil, HALIFAX. 39, Lime Street, LONDON, E.C. () 








‘£240,000. 


IT S WORTH YOUR WHILE TO BUY DIRECT. 








The Reliance Lubricating Oil Go. 
Manufacture and Supply the Best and Cheapest 
HIGH-CLASS 
NON-CORROSIVE LUBRICATING OILS 
AND SOLIDIFIED GREASES. 
Sperm, Olive, Lard, Castor, Neatsfoot, Colza and 

Linseed Oils, Tallow, &c. 


THE RELIANCE LUBRICATING OIL C0., 


19 & 20, Water Lane, Great Tower St., LONDON, E.C. 
also 99, Great Clyde Street, GLASGOW, and 
1, —— Quayside, NEWCASTLE-ON-TYNE. 


egrams: ““SUBASTRAL, LONDON.” 
Telephone No’ AVENUE 3891. ABC CODE USED, 





This is the value of the New and Secondhand 


MACHINERY 
and Accessories 
advertised for Sale and Hire in No, 328 of 


Puituips’ Monthly Machinery Register, 
NEWPORT, MON. 
(28th Year of Publicatioa.) 


The.original ‘‘ Machinery oo Hine, and the best medium 
in the Wertd tor the the Purchase, Hire, and Sele of Plant of 


” “gen cop 
Soteinte es ie. Sarenes. Annual Sidinitiitide, 
‘Shiite lags, post paid to any address. 
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* 


In business don’t assume anything. If you make Tools, don’t take 
it for granted that everybody knows it. No matter how you may work 
or how you may advertise, there will always be some prospective buyers 
who are in ignorance, not only as to the Tools you make, but of your 
address. The only remedy is to keep pegging away and make those 
prospective buyers who do not know of your address as few as possible. 


Kindly mention FRILDEN’s MAGAZINE when applying to Advertisers. 
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Steam Gconomy, 
Mechanical 
. Gfficiency, 
High-Grade 
Construction, 
and Design. 











Simple and 
Compound Types. 


STANDARD PROMPT 
SIZES. DELIVERY. 


LIGHT-DUTY or 
TANK POMPS 
For Power Piants. 





Con 


G. & J. WEIR, u., 


Cathcart, 
GLASGOW. 














| The “ROW” Tube 


(ROW'S PATENT.) 


The special feature of this Patent 
Tube is the break up of the central core 
by cross indentations, and the formation 
both inside and out of a large amount 
of impinging surface. It has now been 
conclusively proved that this 


DOUBLES THE EFFICIENCY 


of the Tube. It also destroys the longi- 
tudinal rigidity of the Tube, so that it 
is safe from fracture and leakage when 
fixed between tube plates. 


THE “ROW” TUBE 


has been most advantageously applied 
in the construction of 


EVAPORATIVE 
SURFACE AND FRESH WATER 


CONDENSERS 
Feed Water Heaters 


CALORIFIERS 
COOLERS 
STEAM KETTLES 


STILLS &c. 


FOR EVERY 

KIND OF APPARATUS 
Involving the transmission 
or abstraction of heat by 
means of tube surface 


THIS TUBE IS 
INVALUABLE. 





ASK FOR GATALOGUE 
No. 4. 





“ROYLES LIMITED 


IRLAM, 








Near MANCHESTER. 





_ Kindly mention FRILDEN’S MAGAZINE when applying to Advertisers. 














Are You 
Interested in 


sus svg ne oe cone] OOS O-Hak deni Ng 


ne ; If so, write at once for a Copy of our little Book, 
of water, depends upon its cumulative force. entitled“Hints and Facts about Case- Harderian? 
which we will send, Post Free, to any address. 
It contains information of considerable value to 
even the most experienced Case-Hardener. 
W. H. PALFREYMAN & CO., 
17, Goree-Piazzas, LIVERPOOL. 








. LIMITED, 
LOBNITZ & co * ost IMPROVED DESIGNS. 


LOBNITZ’ GOLD MANUFACTURE DREDGE PLANT. RS 
‘=r | GOLD DREDGE 


NORTH AND SOUTH +s MAD 
AMERICA, AFRICA, ALL PAR 


STAND 
ASIA, ETC. Quick DELIVERY OF 


address Letters: ND. 
LoBNITZ & C0., L1o., REN NFREW, SCOTLA 


mNUNTOOATE CRANES are our Speciality — 


And Lifting Machinery by . 
Steam, Hand, Electric, Air, 
and Hydraulic Power. 


0000 
Contractor to the War Office, Admiralty, India 
Office, Colonial and Foreign Governments, 
Home and Foreign Dockyards, Railways, 


THREE-MOTOR ELECTRIC OVERHEAD CRANE. FIG. 36. Harbours, @&c., &c. 


London Offices 9, VICTORIA ST., WESTMINSTER, S.W. Telegrams: “ SMITH RODLEY.” 
Telegrams: “ Accrocher/” "London. » Ar & Lieber Codes used. 


THOMAS SMITH, *“oibfeuxor, RODLEY, nr. LEEDS. 


TH F 4 SIMPLEX CONDUITS, CONDUIT 
M P | E % ACCESSORIES & FITTINGS, 
‘ Sl eee | THE SIMPLEX AND SPECIAL HAND TOOLS. 
- System of Steel Conduits is 
STEEL CONDUIT Go, Lo. | 225-08 
Conouir + + ny « {| Work. It is the most com. 


ANUFACTURERS ee Conduite s xd rg i 
TRADE mark 80, Digbeth, BIRMINGHAM. Fite gS. It is manufactured 
ie grea care, ani 


20, Bucklersbury, LONDON, i Se ey aan 


EC. — 
1, Peel St, MANCHESTER. IMMEDIATE DELIVERY. 


H.M. GOVERNMEN Large Stocks at... 
Contractors'to H.M. T 

; . ;  iecnenal IRI SOLICI ED. 
. Corporations. * INQU RIES T 


TO GAUGE. 
. ARD SIZES. 


























“ECONOMY, BIRMINGHAM.’ 
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